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PREFACE TO THE FIRST EDITION. 


AT the sight of a new publication, one is inclined 
to exclaim “There is no end of making books ; 1s 
there anything whereof it may be said, this is new ?”’ 
But one ought to see, that though the Science 
Primers are interesting and valuable, the University 
papers that are set year after year require that the 
knowledge to answer them is not new but is of 
varied and varying applications. 


The folowing pages were originally prepared for 
ty class and were not meant to be placed in the 
hands of students in general. The simple language 
in which the notes are written, the arrangement that 
is hoped to be helpful to master the Primer, the con- 
cise and at the sume time the full treatment that the 
subject has received, the numerous exercises which 
include all the University questions arranged under 
the different chapters,—that these will help the 
candidates preparing for the Matriculation examina- 


tion, is the only apology for sending the notes to 
the press. 


TINNEVELLY, } 
April 1898. | J. A. 


PREFACE TO THE FOURTH EDITION. 


Ix the present edition, a few diagrams are added 
and some of the sections are re-arranged and re- 
written with a view to make the book suitable to the 
Fourth Fonn also. Chapters I—1V, VI—VIUI may 
be taught with advantage in this Form. The last 
s1x papers set fur the Matriculation examination are 
given together separately to give an idea to the 
candidates preparing for that examination as to the 
kind of knowledge that is required of them. 


Any corrections or suggestions for improvement 
will be thankfully. received. 


PALAMCOTTAH, 
December 24th, 1901. J. A. 


TABLE OF CONTENTS. 


Chapters Puge 
I. Eurewents, Sotc tion, bTc. 1 

If. ree 14 
JIT. | An 19 
IV. Hyproaes 26 

Vo Crestoan Notation ; 34 

Vi, Cosmposrrion of WatrkrR ; 89 
VIT. Naterau Watrens : ; . 44 
VII. Oxyvors , : . 50 
IN. Cannosnte Actp GAs 6b 

X. Coan ann Coan Gras 60 

MI. Fear ‘ ; : 67 
XLL Neraooen axnp its Comrounps ; : 71 
NEITT. Cuasstrication oF Compounps; Acrps, &c. . a0 
NITV. Cannon ie RO 
AV. CHLORINE ann RisDioL HLORIC owe 88 
NVI. Scubenter ann its Compotnps Bx 
NVUEE. Prosrnornts axp Sintces 93 
XVULE Cire an action anp its Laws 97 
XIN, Tres, ALCMINIOM ; . 105 
XX. OCaneres, Magsestem » . WO 
AAT. Tue Sukaue Merrats : ; 114 
XXIT. Corerr, Zixe, Tix, Leap ; . . 121 
NNO. Meancery, Stuver, Goip ‘ : . 180 
NAIV. Gesgaat Facts ; . : 185 
APPENDIX A.~—Asswers to Prosress . ; 145 
B.—Tanrce oF Gases 146 

C.-~-Tanre oF Sotrps 148 
D.—Usiversity Questions, 1898- 1901 154 


CHEMISTRY. 


CHAPTER I. 
ISLEMENTS. 


1. Definition of Chemistry.---We know that a largo 
number of changes is taking piece around us. These 
changes are said to be either physical or chemical, and 
formu the subject-matter of Physics and Chemistry. 

If a piece of iron is heated till it: becomes ae ie it 
is still iron. Hot iron has the same composition and 
weight as cold iron, The change that a iron has 
undergone has not altered its coniposition or its weight 
but only its state as regards heat. Cold iron becoming 
hot is an example of physical change, Hence a Physical 
change is a chanye in the state of a body but not in its 
composition. In the same way, when a body moves, when 
a bell is giving w sound, when water becomes steam, when 
ice melts, or when a lump of sugar dissolves in water, we 
have examples of physical change. The science which 
treats of the changes dhut take place in the state of bodies and 
of the forces which produce them is known as Physics. 

If iron is exposed to inoist air, it tukes up something 
from the air and becomes covered with a reddish brown 
substance called rust. Rust is not iron, but a new sub- 
stance of a different composition as well as of a different 
colour, weight and hardness. The forination of rust is an 
example of chemical change. Hence a Chemical change 
is 2 chinge tn the composition of substances, resulting in the 
formation of new substunces having new properties. In the 
game way, when fresh milk becomes sour, when gun. 
powder is ignited, when lime-stone is heated, or when a 
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candle burns, we have examples of chemical change. 
The science which treats of the changes that take place in the 
componition of bodies and of the consequent changes in thetr 
properties is known as Chemistry. 


2. Elements and Compounds.—The various sub- 
stances in this world are made up 
of one substance or more than one. 


Keperiment 1.—Heat somo red pow- 
der called incrouric oxide in a hard glass 
tube. It becomes dark, and after pone 
time a colourless gas escapes ; while a 
bright shining film ia deposited on the 
upper and cooler parts of the glass 
inuide, If this film is sermped, the 
particles will run together and foru 
globules of mercury. The colouriess gas 
is oxygen. Fora red-hot splinter of wood at once bursts into 
Same, when introduced into the gas. 





We conclude therefore that the red powder is made up 
of two substances, mercury and oxygen. This powder 
from which two different kinds of matter have been 
obtained is called a Compound. Now, chemists have not 
beon able by any process yet known to get out of mer- 
eury and oxygen any substance diferent from them. 
Mercury and oxygen are therefore called Hlemente. 

Rept. 2.—Heat some yellow sulphur and red cop i 
‘apether ina flask. The sulphur rneite and sausbieel with thee 
copper, forming a black substance called copper sulphide. 

We know therefore that the black substance is made 
up of two substances, copper and sulphur. This sub- 
stance resulting from the union of two different kinds of 
matter is also called a Compound. But chemista bave 
never sucoceded in producing sulphur or copper by the 
combination of other substances. Hence sulphur and 
copper also are called “" 
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An element iz, therefore, a substance out of which 
nothing different from itself can be got ; in other words, 
i¢ ts a eubstance which cannot be split up ivty two or more 
different kinds of matter. 

A compound ts a substance out of which two or more 
different kinds of matter can be got, or which results from 
the unton of two or more different kinds of matter. 

There are over 72 elements known at present; new 
ones are being discovered from time to time. All other 
substances are either compounds, or mixtures of elemonts 
and compounds. For the sake of convenience, the elo- 
ments are divided into mefals and non-metale. The follow- 
ing table gives the names of the most important non-metala 
and metals with their symbols and atomic weights : 


Non- Metals. 

Names. Symbols. Atomic weights. 
Hydrogen re H. i 1 
Oxygen sie O. wes 16 
Nitrogen a N. nex 14 
Chlorine oe Cl. ee 35:5 
Fluorine es KF’, id, 19 
Promine ae Br. i, 78 
Carbon ae a 2G 12 
Sulphur oie S. pe 32 
Phosphorus wis P. ae! 81 
Silicon ae Si. bei 28 

Metals. 
Tron (Ferrum) bi Fe. oe 56 
Aluminium ie Al. ae 27 
Calcium za Ca. 7 40 
Magnesium .. Mg. be 24 
Sodium (Natrium) ... Na. sus 28 
Potassium (Kalium). K. dag 39 


Copper (Cuprum) ... Ca. wise 63 
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Names, Symbols. Atomic weights. 
Zinc See an. a 65 
Tin (Btannum) ge Sn. dee 118 
Lead (Plumbum) ... Pb. bys 207 
Mercury (Hydrargyrum) Hg. sds 200 
Silver (Argentum)... Ag. sine 108 
Gold (Aurum) ve Au. ea 197 
Platinum me It. yg 195 
Barium re Ba. is 187 
Natnpancse oe Mn. ask 55 
Chromium tek Cr. a 52 
Antimony (stibium) ... Sb. a 120 


3. Solution..—Some solid substances, when placed 
in a liquid, become liquid themselves. Their particles get 
so minutely divided and so thoroughly diffused into the 
pores of the liquid that they are altogether invisible even 
under the microscope ; there is uo part of the liquid in 
which the substance is not present. The solid is said to 
dissolve and the liquid is then called a Solution. 

apt. 8.—Tut some sugar in water aud stir the liquid well. 
The sugar disappears and every drop is found to have the taste 
of sugar. The sugar is then said to be in a state of solution. 

4. There is no loss of weight by solution. 

Rept. 4.--Tuke one pound of water and one ounce of com- 
mon walt. Mix the two substances in a glass vessel and stir 
till the whole of the salt in dissolved. Now weigh the mix- 
ture. [t will be found that there is no Joss in weight, the 
solution weighing 1 Ib. 1 oz, 

5. Conditions favourable for the solution of 
solids. 

(1) Increase of temperature.—A liquid at a higher tem- 

rature can dissolve more of a solid than the same 

iquid at a lower temperature. 

Eept. 6.—Dissclve common salt in some cold water, 
stirring and adding salt till some quantity of it remains undis- 
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solved. Ifthe water be now heated, the undissolved portion 
will begin to dissolve, and may completely dissolve if the 
heating is continued. 

(2) The divided state of the solid.-—A liquid dissolves n 
solid more readily when it is in a state of powder than 
when it is in the form of large pieces. 

Evrpt. 6.—Take a pound of alum in large pieces’ and 
another pound in fine powder and place them in two vessels 
containing equal quantities of water at the same temperature, 
It will be found that the powder dissolves more rapidly, though 
the total quantity that is ultimately dissolved will be the saine 
in both cases. 

6. Saturation.--When a given quantity of a liquid 
has dissolved as much of a substance us it can at a given 
temperature, the solution is said to be Saturated. 

Kept. 7.—Take some alum in tine powder and add little by 
little to cold water, stirring the liquid well. The alum will 
dissolve in the water. Continue this till it ceases to disappesr, 
and when this is the case, the mixture in termed @ saturaled 
solution of alum in water. 

7. To obtain a solid from its solution. 

Eept, 8.—Pour into a China-dish a little of the solution of 
nitre in water, and apply heat. After | 
a tine, the whole of the water will be nuf ®. La FN 
driven off in the form’ of vapour, and a Ad : F) 
amall quantity of nitre will be left in : 
the dish. 

8. The solubility of different 
solids varies. —Some solids do not 
at all dissolve in water; as, sand, 
chalk ; some dissolve very slightly, 
as quick-lime, gypsum; others dis- 2 
solve in considerable quantities, as 
nitre, common salt, sugar. Again, Fie. 2. 

&% solid which does not dissolve & 
in one liquid may dissolve in another. Thus, phosphorus 
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and sulphur dissolve readily in  carbon-disulphide, 
camphor in alcohol and sand in hydrofluoric acid, though 
not one of these dissolves in water. 

9. To find whether a solid dissolves in a liquid. 

Eept. 9.~—Take a small quantity of the substance in the 
state of fine powder. Put it into a test-tube containing the 
liquid. Stir it well. If it disappears altogether, the substance 
has dissolved init. If not, apply heat. Should there be anv 

wder still, filter the higquid and then evaporate the clear 

ltrate inn dish. Uf the solid has dissolved in the liquid, a 
residue will be eft. 

10. Uses of solution.---(1) Solution aids chemical 
change. 

Kept. 10.---1f we mix some dry sulphate of iron with a little 
dry potassium ferro-cvanide, no change will be noticed. But 
if wo make asolution of each substance separately and mix 
the solutions together, chemical action ensues, and a new 
substance of a peculiar blue colour is formed. 

(2) The rtnenluble ingredients of a mirture can be separ- 
ated from the soluble ones. Suppose we have a mixture 
of sand and sugar. The insoluble sand can be separated 
by stirring the mixture with water and after some time 
pouring off the solutio:. 

11. Solution of Gases.— Like solids, gases differ 
from one another in solubility. Some gases dissolve 
freely in water, as hydrochloric acid and ammonia, 
others only sparingly, as carbonic acid gas and common 
air. The solution of ammonia in water is sold under 
the name of Liguor Ammonia, and that of Hydrochloric 
acid is sold as Muriatic acid. Soda-water is simply water 
oon carbonic acid gas in solution. Common air 
dissolves in water, giving to it its pleasant and fresh taste 
and serving for the breathing of fishes. 

A gas dissolves more readily in a liquid when it is oold 
than when warm. 8So gaces held in solution by cold 
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water may always be driven off by beat. Thus, if you 
warm some water in a flask, you can see bubbles of gas 
escape. If liquor ammonia be boiled, the whole of the 
gas is driven off. Again, increase of pressure helps the 
solution of a gas. When the pressure is lessened, the 
dissolved gases fly off. Thus, when a bottle of Soda- 
water is opened, the yas bubbles out rapidly, giving to 
the liquid a boiling appearance. 

12. Solution of liquids in liquids.—Somo liquids 
are soluble and some are insoluble in one another. For 
instance, Methylated spirit and sulphuric acid are soluble 
in water, while oil and mercury do not at all dissolve 
in it. 

13. Precipitation. —When one clear solution is 
added to another clear solution, an insoluble compound 
sometimes forms and separates from the liquid, shewing 
minute particles in suspension, or giving the liquid 
cloudy appearance, or forming clots at the bottom. This 
insoluble substance is called w precipitate und the process, 
precipitation. 

Eerpt. 11.—Make a solution of common salt in water and 
add to it a solution of silver nitrate; a white precipitate is 
formed due to the fqgrmation of an insoluble substance named 
silver chloride. 


14. Impurities in a liquid.—There are two kinds of 
impurities which a liquid may contain :—-impuritics in 
suspension or suspended impurities, and impuritics in 
solution or dissolved impurities. When a liquid holds 
particles which it cannot dissolve, it is said to contain 
suspended impurities, for example muddy water. 
When a liquid holds substances in solution, it is said to 
have dissolved impurities, for example, sea-water. 

15. Separation of impurities.—(1) Suspended im- 
purities are removed by filtration. 
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Filtration is the process of purifying a liquid from sus- 

ded impurities by passing 
it through some porous sub- 
stance—such as charcoal, 
sponge, or blotting paper —- 
which allows only the liquid 
to pass through but not the 
suspended = solid particles, 
(Fig. 3.) The apparstus em- 
ployed in filtration is called a 
filter. 

More commonly, the sus- 
pended impurities are retov- 
ed by decantation, that is, by Pe Y 
allowing the liquid to stand Fig. 3. 
and thus enabling the parti- 
elon to settle down and then pouring off the clear liquid. 


(2) Dissolved impurities are retnoved by distillation. 
Distillation is the process of purifying a liquid from 
dissolved impurities by boiling it and collecting and 








Fig. 4. 


condensing the vapour, (Fig. 4.) This prooess is much 
used on board ships for getting drinkable water from sea- 
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water. Distilled water is pure water without any im- 
purity whatever. 

The vessel in which the liquid is boiled is called a retort, and 
consists of a flask-shaped vessel to which a long nock ie 
attached. 

16. Dissolved impurities cannot be removed by 
filtration. 

Expt. 12.—Add a few drops of indigo solution to water, 
and filter this through a piper filter. The colour will not be 
got rid of, since the indigo is dissolved in the water. 

17. Crystallization is the process by which a sub- 
stance separates from its solution in the form of solids 
having regular geometrical shapes. 

A crystal is a solid of some geometrical shape, that ix 
formed when a saturated solution of a substance is cooled 
or evaporated. 


Methods of making crystals.—(a) Cooling a hot 
saturated salution. 

Hept. 13.—Make a strong solution of alum in hot water 
and allow it to cool undisturbed =A portion of the alum will 
separate out in the form of crs stals. 

If the solution is couled rapidly and with agitation, the 
erystals will be very small; if slowly and without dis- 
turbance, they will be large and well-defined. 

(b) Eraporating a solution.—-Common salt is manu- 
factured from sea-water by evaporation. 

Eept. 14.—Dissolve some nitre in water and expose the 
solution to the air in a China-dish. The liquid will evaporate 
and white crystals of nitre will be formed. 

(c) Fusion.—In some cases, crystals are obtained by 
melting the substance and allowing it to solidify, for 
example, sulphur, bismuth and lead. 


Expt. 16.—Melt some sulphur in a clay crucible, and allow 
it to cool until a crust forins at the surface. Make a hole 
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through the crust and pour out the liquid portion, Needle- 
shaped crystals of sulphur will be found beneath the crust. 


Uses.—(1) Different substances have different crys- 
talline forms. Thus, common salt and fluor-spar crys- 





Form of a Cryatal of Alum Form of a 
Fig. 5. Crystal of Copper Sulphate. 


tallize in) cubes, nitre and zine sulphate in prisms, 
washing-soda, alum in octahedral and calc-apar in hexa- 
gonal forma. This difference in form helps us to dis- 
tinguish substances from one another. (Fig. 5.) 


(2) The process can be used to separate the ingredi- 
ents of certain mixtures. Thus, if We have alam and 
blue stone mixed, we can separate them by dissolving 
the mixture in hot water and allowing the solution to 
cool ; when, white crystals of alum and blue crystals of 
blue stone appear separate. 

Note :.—Many alts, when they crystallize out of their solution, 
combine with a fixed quantity of water which is necessary to keep 
up the form they assume. is water is called water of crystallisa- 
thon, 

Note 2.—Certain substances when ex to the air, part with 
their water of crystallization and crumble down to powder, losing 
their crystalline form, colour, Ae, These are called Zfloreecent salts, 
eg, Greae vitriol. 
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Note 3.—BSome substances readily absorb moisture {rom air and 
become liquids. They are called deliquescent salts, ¢.g., Potassium 
carbonate, calcium chloride. 

18. Difference between a chemical compound and 
a mechanical mixture. 

(i) In a chemical compound, the constituents extat in fired 
proportions by weight ; but ina mixture, they may be in any 
proportion. For example, if we analyse any quantity 
of water, we always find that for every one part by 
weight of hydrogen, there are cight parts hy weight of 
oxygen. Buta mixture of sugar, coffee, and milk may 
be made in any proportion we please. 

(ii) The properties of a chemical compound are entirely 
different from those of the combining substances; whereas, 
a miature partakes of the properties of ite constituents. 
Thus, copper turnings are red, sulphur is yellow; while 
the compound of sulphur and copper is black. A solution 
of sugar tastes swect and that of common salt bitter ; 
whereas, a mixture of the two is both sweet and bitter. 

(ili) When a chemical compound is produced, heat is 
erolved during the process, but = 
when a mechanical mizture ts 
made, no heat ts giren off. 

Kept. 16.—Pour .some cold 
water on a lump of yquicklime. 
Both the lime and the water 
get hot, and a fine, dry, white 
powder called slaked lime is 
formed. 

pil ft 17.—Heat some flour .< 
of sulphur and copper turnings ym 
in a dask, till the sulphur meltr 
and touches the copper. Then 
remove the source of peat. The 
sulphur unites with the ion of copper in contact with it 
prodacing much heat. This heat causes the copper not in 
contact to glow with a lurid red light and to melt down into the 





12 CHEMISTRY. {CHaP. 


sulphur, and « black substance called copper sulphide is left in 
tho flask. 

Note. --In the case of combination between gases, there is gener- 
ally a contraction of volume, The resulting compound occupies a 
lexus volume than the constituents together. For example, when 
two volumes of hydrogen and one of oxygen are made to unite 
togother by an clectric spark, only two volumes of steam are 
formod. 

(iv) The constituents cf a misture are in almost all cases 
separable by simple mechanical means such as sifting, solu- 
lion, filtration aud erystallizalion. On the other hand, in a 
chemical compound the aubstances cannot be separated by any 
simple ordinary means. For instance, if we have a mixture 
of sulphur and iron filings, the iron may be separated by 
passing a» magnet over the mixture, but in a chemical 
compound this is not possible. 


Gunpowder, air and sea-water furnish good examples of 
mixtures. Take, for instance, gunpowder which is made up of 
charcoal, sulphur and nitre. We call it a mechanical mixture 
for the following rewsons :— 

(4) The constituents are not mixed in fixed proportions by 
weight: for, the various kinds of powder are made in different 
proportions by weight. Thus, English gunpowder contains 75 
parts of nitre, 15 of charcoal and 10 of sulphur; while French 
KUnpowder, 76 of nitre, 125 of charcoal and 12°5 of sulphur. 

(4) Ita properties are not quite different from those of its 
constituents; thus, it has the colour of charcoal, the smell of 
vulphur and the taste of nitre. 

(c) No heat is produced when the constituents are mized 
together. 

(@) The constituents can be easily separated by mechanical 
Means, 

This may be done by shaking up a little gunpowder with water 
and filterivg. Tho Sree ane ‘uiphue. Seng: insoluble in water, 
are left behind in the filter-paper, whilst tho nitro, having dissolved 
in the water, rune through, and can be obtained from ite solution 
by evaporation. Since sulphur ie soluble in carbon disulphide, 
whilst charcoal is not, pour on to the remaining mixture a little of 
Shia liquid, and catch it in a text-tube as it runa through. Let the 
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same liquid pass through the mixture two or three times, and thon 

allow it to evaporate slowly away by pouring it into a large wateh. 

_ and letting it stand, whon crystals of sulphur are left behind. 
e charcoal still remains on the filter-paper. 


Questions. 


1, When is a substance said to undorgo a physical change, and 
When a chemical change? What kind of change is (u) turning 
Wator into steam, (4) the rusting of iron ? 

2. A stone falling upon some gunpowder causes it to oxplodo. 
Which is the physical and which is the chemical change? Give 
reasons. 

3. Explain the difference between elements and compounda with 
the help of experiments. 

4. How will you test the prosence of oxygen ? 

&. Classify the following substances into (a) elements, com. 
pounds, or mixtures; (b) solids, liquids and gases :—chalk, mer- 
cury, water, air, silicou, lead, gold, ink, comiunon salt, sea-water, 
nitre, bodium, charcoal, phosphorus, gunpowder, and chlorine, 

6. How does filtration differ froin distillation, and a crystal 
from a precipitate ? 

7. Describe the methods of obtaining crystals and show how you 
would prepare crystals of sulphur, alum and common sale, 

®*8. Explain how drinkable water can be obtained from nea- 
water. What takes place when oa solution of silver nitrate is added 
to a solution of common salt ? 

Y. Explain how you would separate the conntituents of the 
following mixtures :-- Muddy water, sea-water, a mixture of alum 
and blue stone. 

©10. You are given’a powder consisting of charcoal and saltpetre, 
How would you separate the two substances from the isixture and 
obtain both in the pure state ? 

*1). Distinguish between a mechanical mixture and a chemical 
compound. 

12. Doscribe experiments to prove that heat in felt when cheml- 
cal union takes place. 

13. Given finely powdered sulphur and finely divided copper, 
show the difference between chemical combination and mechanical 
mixture. 

®14. Gunpowder is made by mixing sulphur, charcoal and 
saltpetre, Is it a chemieal compound of those substwiecex, and if 
not a chemical compound, what isit? Give the reasons for your 
answer, 

> University questions are marked with an asterisk. 
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15. State what takes place when (1) red oxide of mercury is 
heated, (2) water is ea | on quick-lime, (3) a red-hot splinter of 
wood is introduced into oxygen, (4) sulphur and copper tarnings 
aro hosted together, 


CHAPTER IL. 
Fixk.t 


19. The burning of a candie.-—When a candle 
burns, the carbon and the hydrogen of the wax unite 
chemically with the oxygen of the air and produce car- 
bonic xeid gas and water; while some of the carbon 
escapes unburnt as smoke or soot. 

Note. -~All fats and oils are composed of carbon and hydrogen 
and are called hydro -oarbonas. 

20. Carbonic acid gas is formed when a candle 
burns. 

Kept. 18.—-1f some clear lirne-water be poured into a bottle 
in which « candlo has not been burnt and be shaken, it re- 
wains clear. If poured into a bottle iu which a candle has 
been burnt, the lime-water becomes milky. This milkiness is 
duo to the presence of chalk which is made up of lime and 
earbonic acid gus. 

Lime-water is proper by letting some fresh lime 
stand in water, shaking it up and | 
then drawing off the liquid after it 
gets quite clear again. 

Note. --Carbonie acid gaa (carbon di- 
oxide) in a compoand of carbon and oxygen. 
Chalk (calcium carbonate) is a compound 
of calcium, carbon and oxygen. Quick-lime 
{caloctum oxide) is a compound of calcium 
and oxygen. ater or steam (hydrogen 

"" ‘) ie @ compound of hydrogen and 


21. Water is formed when a 
candle burns. Fig. 7. 


oe ee ee ee ee 
chemically. 7 = or combine 
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bept. 19.—If we hold a cold, dry, bright, glaxs tumbler over 
the flame of a candle, the bright glass in at once dimmed, and 
little drops of water are formed on the inside of the glass. (Fig. 7.) 


When a candle burns, water is given off as steam 
which is invisible. Steam condenses into water, when It 
comes in contact with any cold surface. 


22. Carbon is contained in the wax of a candle. 


Fept, 230. Preasa sheet of white psper on to the flame of a 
candle so as not to burn it. The sheet becomes stained with 
a black ring of soot or carbon. 

Eept. 21.—Take o teat-tube with a little water, and hold it 
in the dame of a candle for some time. 1t becomes covered 
with black carbon at the bottom. 


23. Nothing is lost when a candle burns. 


Kept. 22.—Take a glass tube with a very narrow part in the 
middle, and the lower end 
closed with a cork in which 
some holes are bored. Into 
one of these holes, stick a 
piece of taper and place in 
the upper part of the tube 
some piecer of caustic soda. 
Weigh the tube with its 
contents. Then take ovt the 
cork, light the ta and 
quickly replace it. The out- 
side air, passing through the 
holes in the cork, will keep 
the candle burning. After 
the taper has burnt for a 
few minutes, blow it out and 
weigh the tube again. It 
will be seen that the tube 
i = Soe are by 

eavier 0 art of the 
candle has burnt away, 


When the taper burnt, 
it gave off steam and car- 





16 CHEMISTRY. | CHAP. 


bonic acid gas. These were absorbed by the caustic soda. 
Now, the steam and the carbonic acid gas are only por- 
tiona of the candle combined with the oxygen of the air. 
Since oxygen has weight, the combination of oxygen with 
the substances of the candle has increased the weight. 
If we could weigh the outside air both before and after 
experiment, it would be found to have lost exactly as 
much weight as the burnt taper gained, ttz., the weight 
of the oxygen that has combined with it. 

Thus we learn that, though a candle disappears when 
it is burnt, the materials of which it is made are not 
really destroyed or lost, but they undergo chemical 
change, whereby the visthle, solid wax and wick become 
invisible, gaseous curbonic acid and steam. 

Note. ~-Cauastic soda (sodium hydrovide) is a compound of sodium, 
hydrogen and oxygen, 

24. Burning or Combustion. — Burning or combus- 
tion te the chemical unten of ticoa substancer attended with 
great heat and light. When the amount of light and heat 
is fechle, the combustion is described as slow; on the 
other hand, when they are considerable, the combustion 
is said to be rapid. 


In ordinary languay, the name combustion is given 
to the rapid oxidation of substances accompanied with 
great heat and hight. Thus, when we say that a house 
or a hayrick is burning, it is meant that the materials of 
tho house or the constituents of the hay are merely com- 
bining with the oxygen of the air, forming new compounds 
and producing heat and light by the chemical union. 

Some examples of combustion in which oxygen does not take 

rt: (1) whon melting sulphur and heated copper are brought 

ther, the two unite chemically producing a lurid red light; 
(2) when a of phorus is brought in contact with some 
iodine, the combine together producing heat and light; (8) 
when powdered antimony is thrown into a bottle of chlorine 
gas, eparke of fire are seen. 
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Note.— Oxidation is the act of combination of any substance 
with oxygen. 


25. Combustible and supporter of combustion.-—- 
In all processes of combustion, it is customary to speak 
one of the substances taking part in the chemical change 
as the combustible substance and the other as the sup. 
porter of combustion. Usually, that substance which sur- 
rounds the other is called the supporter of combustion, 
Thus, when a candle burns in air, the air is spoken off as 
the supporter of combustion, while the candle is termed 
the combustible. 


A gas is said to be combustible when it is capable of 
itself burning, and is said to be a supporter of combuation 
when it does not itself burn, but allows other bodies to 
burn in it. Thus, hydrogen and carbon mon-oxide are 
said to be combustible gases because they ean burn in air. 
Oxygen and chlorine are spoken of as supporters of coin. 
bustion, because they allow a candle and other substances 
to burn in ther. 


It should, however, be borne ino mind that the two 
terms combustible and supporter of combustion are only 
relative and do not imply any difference of function ; for 
instance, hydrogen and oxygen may be either, according 
to circumstances. 


Combustion being chemical combination attended with 
great heat and light, it ean only be brought about in the 
case of hydrogen and oxygen by making hydrogen 
combine with oxygen or oxvgen with hydrogen. Thus, 
when a burning taper is pushed into a bottle of hydrogen 
gas held mouth downwards, the hydrogen burns at the 
mouth ; because there it combines with the oxygen of the 
air. On the other haad, the taper docs not burn inside, 
because there is no oxygen for chemical union. If now 
a jet of oxygen be introduced through the mouth of 

2 
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burning hydrogen, it burns in the bottle of hydrogen 
chemically combining with it. 


Similarly, a jet of hydrogen, introduced into chlorine 
gas and hghted, burns forming white fumes of hydro- 
chloric acid. Here, hydrogen is the combustible gas and 
chlorine, supporter of combustion. Again, chlorine burns 
in-an atmosphere of bydrogen, thus becoming a combus- 
tible gas. 


26. Conditions of Combustion... --(1) Rise of tempera- 
fure.—To cause a substanee to burn, it must be raised to a 
certain degree of temperature at some portion at least 
of its mass. But when once started, combustion generally 
continues by itself, owing to the heat produced by the 
chemical action. For example: 


1. A candle does not burn until we light it. For, the con. 
stituents of the candle do not combine with the oxygen of the 
air. until we start the chemical union by applying heat. 


2. When a piece of phosphorus is exposed tothe air, it 
fuinos in the air, undergoing slow combus- 
tion. As the action proceeds, heat is 
developed and the phosphorus melts and 
bursts into flame, emitting dense, white, 
strongly sunelling fumes of phosphoric oxide. 

(ii) Free supply of orygen.--This” is 
hecessary to continue combustion. Bel- 
lowa are used simply to increase the 
supply of air. Conversely, to diminish 
or to prevent combustion, it is sufficient 
to diminish the supply of air ar to stop 
it completely. The flame of a spirit 
lanip is put out by covering the top. 

Kept. 28.—Burn a candle in a bottle with 
a narrow neck. 1t burns brightly at first. After a short time. 
it flickers feebly and finally goes out. This is due to the con- 
sumption of the oxygen gas originally contained in the bottle. 





Fig. 9. 
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lf a substance has once been completely burnt, it can no 
longer burn. Thus, carbonic acid gas and stown, the products 
of combustion of carbon and hydrogen with oxygen, do not at 
all burn in air. 

Questions. 

* 1. How can you prove that water and carbonic acid gas are 
formed when a candle burns ? 

® 2. Describe an experiment to illustrate the fact that when 
chemical change occurs, there is neither gain nor loss of weight, but 
that the bodies resulting from the action have exactly the same 
weight ax the bodies which touk part in it. 

®* 3. What isineant by oxidation? Give some familiar oxamplon, 

4. What is noticed when a candle ix burut in a vessel (a) with a 
narrow neck, (4) with a wide mouth ? Give reasons for your answor. 

®. Explain why (7) acandle continues to burn, after it is lighted, 
and (b) a piece of phosphorus takes fire by mere exposure to air, 

®*6 Explain the statement that oxidation occurs when a candle 
burns, How would vou show this to be the case? 

7. Doseribe any experiments to show that (a) heat is given off 
when chuinical union takes place, (b) carbon ia contained in the 
wax of a candle. 

4. What is combustion? Give some examples. 

0 Namy the elements of which the following are componed and 
give their chemical names: oi], chalk, caustic soda, water, lime, 
soot, copper sulphide, steam and carbonic acid gas 

© 10. Explain the terms * combustible and © supporter of com. 
bustion " as applied tu gases. How may hydrogen and chlorine be 
either according to circumstances ? 

‘ once as ag snes 


CHAPTER TIE. 
Atk. 
27. Whatis air? Air is a mixture of gases, con- 
sisting chiefly of oxygen and nitrogen. The average 
proportions of oxygen and nitrogen may be given as, 


By solume Iv weight 
Oxygen 21 2 
Nitrogen 79! 77 
100 100 


+1 per cent. of Argon present is here included with the nitrogen, 
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Besides oxygen and nitrogen, air contains variable 
quantities of carbonic acid gas, water-vapour, ammonia, 
nitric acid and ozone. Besides the gases, there is always 
present in the air a quantity of suspended matter, the 
chief of which is dust-particles. 


Ammonia is 8 compound of hydrogen and nitrogen, Nitric acid 
(Hydrogen nitrate) is a compound of hydrogen, nitrogen and 
oxygen. Ozone is a condensed form of oxygen. ; 


28. Alr is a mixture and not a chemical com- 
pound.— Reasons.—(i) Substances known to be chemical 
compounds do not vary in composition ; but the composi- 
tion of air does vary slightly in different places. 


(ii) The properties of wir are intermediate between 
those of its constituents, If it were a chemical com- 
pound, it would have quite different properties from them. 


Thus, a candle which burns in air moderately is put out in 
nitrogen, but burns very brilliantly and energetically in pure 
oxygen. Again, oxygen has a gp. gr. of Il and nitrogen 
nap. gr. of 0°07, while air has a sp. gr. of 1. 


(iii) When nitrogen and oxygen are mixed together in 
the proportion in which they occur in air, there is no 
sign of chemical union, such as evolution of heat or con- 
traction of volume: and yet the mixture acts just like 
common air. 


(iv) The oxygen and nitrogen in the air may be sep- 
arated to a certain extent by simple mechanical means 
such as diffusion through a porous substance, or dissolv- 
ing in water. 

(v) The proportion by weight in which oxygen and 
nitrogen are present in air bears no simple relation to the 
combining weights of these elements. 


29. Compositon of air by volume. 
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are 24.—Take some water in a basin and float on ita 
sinall China-dish. Place a small piece 

of phosphorus in the dish and invert . 
over it a stoppered bell-jar, keeping 
the jar well under water. Remove the 
stopper, and ignite the phosphorus by 
touching it with a hot wire. Replace 
the stopper immediately. At first. the 
water in the jar is driven down by the 
expansion of the air caused by the heat 
of the fame, and the jar is full of 
dense white fame. of phosphoric 
anhydride. After a while, the phos: or 
Phorus ceases to burn, and the jar Fig, 10, 
becomes cool The fuses now 

gradually dissolve in the water forming phosphoric acid, and 
the water rises in the jar to ou fifth uf the space previously 
occupied by air. 


Pour water into the basin till the level of the water cutside 
the jaris equal to that inside, Now remove the stopper, and 
introduce a burning taper into the jar. At once it goes out, 
Transfer the pas to another vesascl and shake it with lime-water, 
The gas does nut turn the lime-water milky. 





From this we learn that air is composed of two gases > - One 
which will support combustion and fortuys about one-fifth of the 
air and the other which will not support combustion and forms 
about four-fifths of the air. The fonuer is called Oxygen and 
the lutter Nitrogen. 

Note.—Phosxphorus is kept under water because it readily taken 
fire in air. Phosphoric acid is a compound of phosphorus, oxygen 
and hydrogen. An acid has the property of turning blue litmus 
red, So the water over which phosphorus has been burnt | 
this property, 

30. Carbonic acid gas in air.——Its wurces.—Car- 
bonic acid gas is given off when (1) animals breathe, 
(2) carbon-compounds burn, (4) vegetable and animal 
matter ferments or decays, (4) lime-stone is heated. It 
is also evolved from coal-mines and volcanoes. 
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Though carbonic acid gas is derived from so many 
sources, its proportion in airon the whole does not in- 
crease, but is fairly constant, being about 4 parts in 10,000. 
This constancy is maintained by (1) the action of plants 
which in the presence of sunlight decompose it, taking 
carbon for their growth and setting free oxygen, (2) the 
action of rain which dissolves and carries down @ portion 
of it, as it falls, and (3) the diffusion by wind. Its pre- 
sence in air is proved by the following experiment : 

Kzpt. 25.—Pour some lime-water into a shallow vessel and 
expose it to the air for some time. A white thin film of chalk 
is formed on the surface, 

3i. Presence of water-vapour in air.—-When an 
open vessel of water is exposed to the air, the water 
gradually disappears. Tt has passed off im the form of 
invisible vapour, which mixes with the air. The water- 
vapour in the atmosphere is derived from oceans, rivers, 
lakes, &e., ina similar manner by evaporation. 

Rept, 26.—Place a few pieces of dry ealeinm chloride or 
caustic soda on the table. The pieces gradually become liquid. 
This is owing to theiy absorbing the water-vapour present in 
the atmosphere, 

Evpt. 27.--When a gluse tumbler containing iced-water is 
kept on a table, fine drops of water are found on the outside of 
the plass. This is dune to the vapour of water condensing by 
contact with the cold sides of the glass. 


32. Uses of the different gases found in air. 

(1) The oxygen supports animal life and makes fire to 
burn. 

(2) The nitrogen serves to moderate the activity of 
oxygen. If animals were to breathe pure oxygen, their 

ily frame would be over-heated and life would be im- 
possible. 

(3) The carbonic acid gas is used by plante for their 
growth. 
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(4) The ammonia supplies plants with the nitrogen 
necessary for their seeds ; for plants have no action on 
the free nitrogen of the air. 


(5) The water-vapour is necessary for the formation 
of dew and rain. 


33. Respiration is an act of oxidation.---When 
animals breathe in, air goes into a fine net-work of very 
sinall tubes contained in the lungs. From thence the 
oxygen is carried by the blood all over the bedy and 
there combines with its waste, forming chiefly carbonic 
acid gas and vapour of water and producing much heat in 
the act of oxidation. The carbonic acid pas and water- 
vapour are breathed out, while the heat keeps the body 
warm. 


34. Expired air contains (1) carbonic acid gas ani 
()}) aqueous vapour. 


Bept. 28.—Blow the air from the lunge through ao glass 
tube or a piece of xtraw into some clear liine.water. The lime. 
water at once becomes milky, shewing the presence of chalk 
and hence that of carbonic acid gas, 

Bryt. 20.— Blow the air fron the lungs on a cold surface 
for example, a plate 4f glass or a slate. Minute drops of water 
will be deposited on it, 


35, Respiration of animals compared with the 
burning of a candle.-——-The burning of a candle and the 
respiration of animals are both acts of oxidation. In both 
cases, oxyyen combines with carbon and hydrogen and 
produces carbonic acid gus and water. In both cases, 
heat is evolved by the process of oxidation. But in the 
burning candle, this heat is concentrated in a small space 
—the wick, and we see a flame; while in animals, this 
heat is distributed throughout the body by the circulation 
of blood, and consequently no flame is seen. 
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Note. —Tho heat produced in animal bodies by oxidation is called 
animal heat. It is on account of this heat that animals are warmer 
than inanimate objects. 


36. Action of plants on air.—JIn the presence of sun- 
light, plants decompose the carbonic acid gas of the air 
and, taking carbon for their growth, give out oxygen 
through their leaves. 

Kept. 80.—Place a bunch of green leaves in a glass vessel 
filled with fresh spring water. Invert this vessel into a basin 
of spring water and expose it to strong sun-light for an hour or 
two. Sinall bubbles will be noticcd on the leaves and & quanti- 
ty of gas will be seen to have collected at the top. This pas is 
oxygen and has been set free by the action of the leaves on the 
carbonic acid gas which is generally present in spring water. 
The carbon has been taken up by the leaves for their growth. 
The presence of oxygen can be found by the red-hot splinter 
text. “ 

If the leaves were not exposed to the sunlight, no oxygen 
would be given offeven after the lapse of several hours. 

Note. —The presones of carbonic acid gas in spring or well-water 
may be shown by the lime-water test. 

37. Action of animals and plants on air.—- Animals 
breathe inthe oxygen of the air, breathe out) carbonic 
veid gas mixed with some water-vapour, give off heat and 
are constantly burning. : 

Henee the air contained in a close room crowded with people 
containa more carbonic acid: gas, more vapour of water and 
othor impurities but less oxygen than the outside air. It is 
aleo warmer, having nearly a temperature equal to that of the 
animal body. 

Plants broathe in carbonic acid gas, breathe out 
oxygen, take up the sun's light and heat for their growth, 
and are constantly forming materials which will burn. 


’ Thus we see that plants produce in the air changes 
exactly opposite to those which animals produce. Plants 
purify the air, while animals constantly render it impure. 
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But the action of animals and plants on the air is so 
balanced that the composition of air remains unchanged. 


This balance between the action of animal and vegota- 
ble life is illustrated by the rivaria—glass globes shut off 
from air in which water animals and plants grow hy their 


mutual action. 
Questions. 


*1. State why air is considered ta be a mechanical mixture of 
oxygen and nitrogen and not a chemical compound of these elo- 
ments, 

*2. What do you learn about the composition of air by burning 
phosphorus in a bell-jar over water? Docs the water undergo any 
changes ? Tf so, state how they may be recognized and to what 
they are due 

*3. How would vou ascertain the composition of air? The 
respiration of animals is said to be an act of oxidation, Hxplain the 
meaning of this statement, name the products formed as a result of 
this act, and describe how the presence of each in expired air may 
be proved 

4, Respiration and combustion are said to be simthur processes, 
What evidence is there to support this statement? In what res. 
pects wonld you expect the air coutained ina close room crowded 
with people to differ from the ontside air? By what natural pro- 
cess is the air which has been altered by respiration restored to its 
original condition ? 

6 In what proportion does carbonic acid yas exist in wir? Name 
its chief sources and explain how ifs proportion is kept constant in 
the atmosphere. How can its presence in sir be detected ? 

®f. How do the properties of pure air differ from those of its 
constituents ? How do you aceount for the difference ? 

9. Name the s-veral gases found in the air and state their uses. 

©8. Compare the process of breathing the air with the burning 
ofacandie How mnay it be proved that the same substances are 
produced in both cases ? 

®9. A pioce of phosphorus is burnt ina bedl-jar containing air, 

laced in a shallow vessel full of water, and after combustion is 

niahed, the apparatus is allowed to stand for soma time. Deseribe 
accurately what is observed to take place and what properties have 
been acquired by the water. 

10. ribe an experiment to illustrate the nature of the 


changes which plants make in the air. 
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1k. Explain the statement ‘Tho part played by animals is 
exactly the oppor of that played by plants.” Describe an 
arrangement where this fact is illustrated. 

42. (a) Why are animal bodies warmer than inanimate objects ? 
(6) In what respects do nitrogen and carbonic acid gas resemble 
each other and in what respects do they differ ? 


seca Sef 
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38. Occurrence of the elements.—-This may be 
viewed from three standpoints :— 

(1) Whether an vlement orcurs in the selid, lquid, 
or gaseous stale. Of non-metals, hydrogen, oxygen, 
nitrogen, chlorine and fluorine are gases at the ordinary 
temperature of the air. Bromine is a liquid, and the 
rest are solids. Of metals, mereury alone is liquid. The 
rest are solids, 


(2) Whether an clement oesnrs abiuudant or rare. Some 
elements are found abundantly, while others only very 
rarely, that is, in few places and in small quantities, 
Oxyyeu is the most abundant element known. For, 
vbout one-half of the solid earth, cight-ninths of water 
and nearly one-fifth of the air is oxygen. Silicon, 
nitrogen, carbon and bydrogen came’next. Nearly one- 
fourth of the earth's crust: consists of silicon. All vege- 
table and animal bodies are chietly made up of carbon, 
hydrogen, nitrogen and oxygen. Fluorine, chromium, 
barium, manganese and several others are met with very 
rarely. 


(3) Whether an element is found combined or free. 
Some elements occur in the cowhbined state only, fe., 
in combination with other elements ; as, phosphorus, 
chlorine, silicon, potassium. Others occur both free and 
combined; as, oxygen, nitrogen, sulphur, mercury. 
Gold oceurs only free. 
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Note.—An element is said to occur free or in the native state, 
when it is met with as an element without being combined with 
any other substance, 

39. Occurrence of Hydrogen.— Hydrogen is a gas. 
In the free state, it occurs only in all quantities upon 
the earth, but is supposed to exist largely in the mass 
of the sun. In combination with other elements, hydro- 
gen is extremely abundant. It forms one-ninth by 
weight of water and is one of the chief constituents of all 
acids, plants and animal bodies. 


40. Preparation.—Method (i).— Hydrogen can he 
produced by the decomposition of water by passing a current 
of electricity through it. (Vide Chap. VI.) This is known 
as clectrolysis of water. This method of obtaining 
hydrogen is called a physical method, since electricity 
is a physical agent. Here, the gas is obtained pure but 
in small quantities. This method is also expensive. 


Method (ii).—Uydrogen is produced by the action of 
Potassium and Sodinm on water aturdinary lomperatares. 

Action of Potassium on water.—rpl. 31.--- Throw a piece 
of potassium on water. It fouts upon its surface and switus 
rapidly about as a dolten globule. And the moment the metal 
touches the water. a flame of a violet colovr appears round it 
and finally the piece disappears with o slight noise. 

The chemical action that takes place may be stated 
thus :-—-Potassium sets free a part of the hydrogen from 
the water and combines with the oxygen and the re- 
maining hydrogen to form alkali potash. This remains 
dissolved in the water. But the heat developed by the 
chemical action is so yreat that the liberated hydrogen 
takes fire and burns. The flame is coloured violet by 
the vapour of potassium. 


Note. — Hydrogen burns In sir with a pale Line fame, 


Action of sodium on water.— Fzpt. 32.—Throw a small 
piece of sodium on water. It awims on the surface ond com- 


28 CHEMISTRY. [CHAP. 


bines with the oxygen of the water to form slkali soda, setting 
free the nyeronon. No flame is seen around the metal as in 
the case of potassium, since the heat generated by the chemical 
action is not sufiicient to set fire to the hydrogen generated. 

If however the metal is thrown on hot water or a 
solution of starch, or if we prevent it from moving about, 
a flame of a yellow colour will be seen. 


As potassium and sodium have great attraction for 
oxygen, they are kept under rock-oil which contains no 
oxygen, 

The water on which potassium or sodium is thrown ac- 
quires alkaline properties owing to the presence of caustic 
potash or soda in solution Hence the water produces 
a een feeling between the fingers, and turns red litmus 
paper blue. 


To prepare hydrogen by the action of sodium on water. 


Barpt, 33,-- Mix a few sinall pieces of sodium with some mer- 
enury in a mortar sous 
to form oan amaldyan, 
Drop this amalgam inte 
no basin of water. and 
invertoover ita test tube 
filled with water. Th. 
sodium will decompone 
the water setting free 
hydrogen, which ascends 
the tube as bubbles and 
displaces tho water. 


Kept. 84.--Wrap a mnall bit of sodium ina picce of wire- 
gauze. Dip it rapidly into water underneath the mouth of an 
inverted tost-tube Alled with water. Hydrogen is set free and 
callvets in the tube displacing the water. 

Method (iii).—Hydrogen is prepared ly the actson of 
vietale like tron on water at high temperatures. 

If steam is passed over red-hot iron, the oxygen of the 
steam combines with the iron to form an oxide known as 
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the magnetic oxide of iron, and hydrogen. is pet free. 
The hydrogen may be collected over water in the 
pneumatic trough. 

Method (iv).—Hydrogen is prepared by the action 
of dilute sulphuric acid on zinc. 

Expt. 85.—Take o flask containing a few zinc clippings and 


fitted with a cork through which are passed a long funnel-tube 
and a bent tube. Pour down the funnel some dilute sulphuric 





Fig. 12. 
acid. The zine dissolves in the acid forming zine sulphate, 
while bubbles of hydrogen yax are given off. These bubbles 
are collected in bottles filled with water and placed in the 
pneumatic trough. 


Iron filings may be substituted for zinc, and bydro- 
chloric acid for sulphuric acid. If iron and sulphuric 
acid are used, iron sulphate or green vitriol is formed 
with evolution of hydrogen. 

Note.--Caustic potash is a compound of oxygen, hydrogen and 
potassium, An amalgam ix a mixture of a metal with mercury. 

Zinc sulphate is a compound of zinc, sulphur and oxygen, 

Sulphuric acid is a compound of bydrogen, oxygen and sulphur. 

Hydrochloric acid is a compound of hydrogen and chlorine. 
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41. Properties.—1. Hydrogen is a colourless gas, 
having neither taste nor smell. 


2. It is the lightest known substance, being 144 times 
lighter than air. Hence it is used for filling balloons. 


Kapt. 86.—Turn upwards the mouth of a jar filled with 
hydroge en and quickly light it. The hydrogen will burn with a 
miuch larger flame than when the jar is held mouth downwards. 


Erpt. 87.—Take oa bottle filled with air and another filled 
with hydrogen, and hold the a 

bottle of air above the bottle 
of hydrogen asin Pig. 23. In 
afew seconds it: will be found 
that the light hydrogen has 
passed up into the upper bottle ; 
and displaced the air. For iffa 
light is applied to the top bottle 
with its mouth downwards, the 
hydrogen will take fire and Fig. 13. 

burn, with a slight report from 

admixture of air, Thus, we mes pour a jar of hydrogen up- 
wards into another. 





Berpt. 88.-~Place a vessel containing hydrogen mouth up. 
wards and uncovered > the gas escapes inn short time, and the 
vessel becomes tlled with common air. But if the mouth is 
held downwards, it remains in the vesseP for a longer time. 


3. Hydrogen is very slightly soluble in water. 


4. tis inflammable, and burns in air with a pale 
blue flame giving out much heat; but it is not ordinarily 
a ee of combustion. 


Kept, 88.—Push » burning candle into a jar of hydrogen. 
Tt lige : the gas at the mouth, but is put out within the jar. 
When taken out, the candle is rekindled by the flame of the 
burning hydrogen. 


5. A mixture of oxygen and hydrogen violently ex- 
plodes, when a light is applied to it. 


Test for Hydrogen.—Hydrogen, when lighted, burns 
in air with a pale blue flame forming water. 

42.—When hydrogen burns in air, nothing but 
pure water is formed. 

Evpt. 40.—When a dry, cold, glass is inverted over a jet of 
hydrogen that is burning, small drops of water ure deposited 
on the inside. 

If the gas is burnt in ajar, no milkiness is produced when 
clear lime-water is poured into it and shaken. Thus, we see 
that no carbonic acid gas is produced as in the case of a burn- 
ing candle. 

43. Uses.—Hydrogen is used (1) to fill) balloons, on 
account of its lightness, (2) to reduce some metallic 
oxides, on uccount of its affinity for oxygen, and (3) to 
fuse platinum by the help of the oxy-hydrogen hlow- 
pipe, on account of the great heat produced when it 
burns with oxygen- 

44. Difference between steam and a mixture of 
Hydrogen and Oxygen.-—-(1) When heated, a mixture 
of oxygen and hydrogen explodes, forming steam; but 
on heating, steam only expands and does not undergo 
any change in its composition. (2) The mixture becomes 
condensible only under extremely high pressure and low 
temperature ; whereas steam is easily condensible by 
cold. (3) The mixture is not absorbed by hygroscopic 
substances such as sulphuric acid or calcium chloride, 
while steam is readily absorbed by them. (4) The mixture 
absorbs but little radiant heat; whereas, steam absorbs 
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much radiant heat. (5) Steam contains its constituents 
in fixed proportions by weight; but the mixture not 
necessarily. 

Questions. 


#1, Describe the changes which occur and name the products 
formed, when a piece of potassium isthrown on water. What new 
properticn does the water acquire in consequence of this action ? 
Montion two ways by which this property can be revognised. 

e2. A piece of sodium in placed on the surface of hot water 
contained tua vewsel, Describe accurately what is observed to take 
place and what proporties have been acquired by the water. 

3. Deseribe a chemical method of preparing hydrogen from 
water, 

4. Name the most important compound of hydrogen. If vou 
desire to obtain the gas in as pure a condition as possible, what 
method would you adopt ? 

*35. What are the names of the compounds which hydrogen 
forms with (a) oxyyen, (/) chlorine, and (¢) nitrogen ? 

GO. lf you desire to prepare hydrogen in large quantitics, what 
mothod would you adopt? By what test would vou identify the 
gas? Name its chief properties and state how the gas is collected, 

7. Deseribe experiments to show that (1) hydrogen is lighter 
than air; (2) when hydrogen burns iu air, nothing but pure water 
is formed. 

* 8. State what you would «ee if the following experiments were 
performed before you, and write the equations representing the 
reactions which would occur. 


(1) Sulphuric acid is poured over some pieces of granulated zine, 

(2) A clean cut piece of sodium is thrown on water. 

(3) A clean cut piece of potassium: ms thrown upom water, 

®9, Describe clearly what takes phice when 

(a) steam is passed over red-hot tron: 

(+) dilute sulphuric acid is poured on iron filings ; 

(c) a burning candle is introduced into a jar of hydrogen ; 

(a) a current of clectricity is passed through acidulated water. 

10. Explain why (1) potassium and sodium are kept under rock- 
oll, and (2) a mixture of hydrogen and oxygen explodes when lighted. 

11. In what respects does a mixture of oxygen and hydrogen 
differ from the chemical compound of these bodies ? 

@12. How do the proportics of steam difler from thone of its 
constituente? (4) How do you account for | 
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Answer. (a) Hydrogen is a combustible gas, oxygon a supporter 
of combustion ; but steam is neither, (2) Hydrogen has a density of 
0067, oxygen 1°1; while steam, 0°65. (3) Steam is readily con- 
donsible by cold; but both hydrogen and oxygen are condonsible 
only under high pressure and groat cold. (4) Steam absorbs much 
radiant heat; but hydrogen and oxygen do not. (5) Stoam is 
readily absorbed by substances such as calcium chloride and sul- 
phuric acid; while neither oxygen nor hydrogen is. (6) Stoam is a 
chemical compound, 


CHAPTER V. 
(CHEMICAL NOTATION, 


45. Chemical symbols and their meaning. --In- 
stead of writing the full name of each element and com- 
pound, the chemist uses a kind of short-hand. Mach 
element, or rather a definite proportion of it is represented 
by a symbol and this is the first letter or the first letter 
followed by an additional distinguishing letter of the 
English or the Latin name. Thus, © stands for carbon ; 
K for potassium (Lat. Kalium) ; Si for silicon, and Mg for 
magnesium. The single letter is always a capital letter. 
When two letters ure used, the first 1s a capital and the 
second a small letter. 

The symbol does not merely stand for the element in question 
hut at represents a definite weight of it, ve., the smallest 
proportion by weight in which the element is found to 
combine with others. Thus, the symbol QO does not 
merely express the name of the clement oxygen but 
16 parts by weight of oxygen, which is the combining 
weight of the elernent. Similarly, C stands for 12 parte 
by weight of carbon. Using a symbol, when no definite 
quantity is meant, is therefore a highly objectionable 
practice. 

The combining weight of an clement in the number repre- 
senting the emallest proportion by weight in which that element 
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combines with another. Hydrogen being the lightest substance 
known, its combining weight is taken as the standard of com- 
pip and is accordingly unity. Hence when we say that 

e combining weight of oxygen is 16, we mean that the small- 
est quantity by weight of oxygen which can enter into chemi- 
cal combination is 16 times as great as the smallest quantity 
of hydrogen (H) which can also enter into combination. 

Note.—The combining weights are sometimes called atomic 
weights. An afom (Gk. a = not, temno =s I cut) is defined as the 
amaltlest indivisible particle of an element which can enter into 
chomical combination with another element, or which can be 
liberated from a chemical compound. Hence it is also said that the 
symbol O stands for the weight of an atom of oxygen. 

46. A chemical formula und its significance.— 
A chemical formula ts the representation of a chemical com- 
pound by means of symbols. This is done by placing the 
symbols of the elements composing the compound side by 
side with suffixes indicating the number of atoms of each. 

Here are the formulm of some of the compounds mentioned 
in the preceding chapters :—Water, H,0; Carbonic acid gar, 
CO,; Chalk, CaCO, ; Sulphuric acid, H,SO,; Caustic Sods, 
NaOH ; Zine sulphate, ZnSO, ; Magnetic Oxide of iron, Fe,O,. 
The quantity of anv compound which is represented by its for- 
mula ix spoken of as a molecule. When a number of molecules 
in to be represented, the particular number is prefixed, as 
8 H,S0O, which is read as eight molecule’ of sulphuric acid. 

Whata chemical formula teaches us.—1. A chemical 
formula tells us the elements of which a compound is 
composed. Take, for instance, the formula H.O. We 
learn from it that water is composed of hydrogen und 
oxygen. : 

2. It tells us the aumber of atoms of the elements 
of which the compound is composed. Thus, from H3;O 
we learn that water contains two atoms of hydrogen and 
one atom of oxygen. 

3. It tells us the ritun in which the constituent 
elements arc contained in the compound. Thus. we 
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learn from the formula H,O that water is composed of 
oxygen and hydrogen in the ratio of 1: 2 by volume, 
and 16: 2 by weight. 

4, It represents one molecule of the given compound 
and gives its molecular weight. Thus, H;O represents 
one molecule of water and tells us that the molecular 
weight of water is (2+ 16 =) 18. 

Note £.---A molecule ix the »mallest quantity of a compound 
or an clement supposed to be capable of existing by itself, having 
all the propertics of the substence. All physical changer are 


supposed to take place between molecules, and chemical changes 
between atoms. 


Note 2.-—The molecular weight or the weight of a molecule in 
the sum of the weights of the atoms of which it is composed ; for, 
molecules are made up of atumn. 

47. Chemical equations and their uses. --A cheini- 
cal equation is the representation of a chemical change 
in a shortened form by means of syinbols. For example, 
the chemical change that takes place when potassium ia 
thrown on water is represented by the following equa- 
tion :— 

Potassium. Water. Alkali Potash. — Hydrogen. 
K, + 2H,O = 2KOH + Hey. 

The equation means that one molecule or 78 parts by 
weight a potassium arting chemically on two molecules or 
36 parts by weight of water yields two molecules or 112 
parts by weight of alkali potash and once molecule or 2 
parts by weight of hydrogen. 

Note.—In a chemical equation, the sulstancesa that we have 
before the chemical change are represented on the left-hand side, 
and the substances that we have after the chemical change, on the 
right-hand side. 

Similarly, the chemical change that takes place when sodiuin 
is thrown on water ix represented by the equation ; 

Sodium. Water. Alkali Soda. Hydrogen. 
Na, + 2H:0 = %%NsQH + Hi. 
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What a chemical equation teaches us.—Take an example. 
We prepare aya by the action of dilute sulphuric 
acid ne sino. The change which takes place is repre- 
sented by the equation :— 





Before the change. After the change. 
oy: Sulphuri . Zi . 
Zinc and “4 ea yield Sulphate and Hydrogen. 
Zn + H;S0, =. Zn 80, + H; 
654-2 x14+32416«4 = 6543244-x164+2x1. 
65+ 98 = 161+ 
163 163 


1. A chemical equation tells us what sbstances undergo 
chemical change and what anbstances result from it. Thus, 
we learn from the above equation that sulphuric acid 
acting upon zine produces zine sulphate and hydrogen. 


2. It tells us what weights of substances undergoing 
chemical change yield what weights of fresh substances. 
Thus, we learn from the above equation that 65 parts by 
weight of zine and 98 parta by weight of sulphuric acid 
yield 161 parts by weight of zinc sulphate and 2 parts by 
weight of bydrogen. : 

3. It tells us that, when chemical changes take place, 
there ta only a difference of arrangement of the atoms, and no 
substance which was not there before the change is after- 
wards present. Thus, in the above equation, the one 
atom of zinc has replaced the two atoms of hydrogen 
in sulphuric acid to form zinc sulphate and hydrogen. 


4. It tells us that nofhing ts lost when chemical 
changes take place. Thus, from the numbers which the 
several symbols in the above equation represent, we learn 
that the zinc sulphate and the hydrogen which we get weigh 
exactly as much as the zinc and sulphuric acid we took. 
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Hence the uses of chemical equations are (1) to repre- 
sent chemical changes in a shortened form by means of 
symbols; (3) to enable us to calculate the weight of 
materials that should be used in order to get a given weight 
of a required substance ; (3) to prove that in chemical 
changes we have neither gain nor loss of matter. 


48. Chemical Arithmetic. 


(1) How many grammes of oxygen can be obtained by 
heating 100 grammes of red oxide of mereury ? 


The equation representing the chemical change ix :-- 


2 Hg0 = 2H, + ° #4, 

2 (200 + 16) == 2 x 200 + 6% 2 

a eee taniemmnenenttill —_—  , meme ig 1 saan 
432 400 32 


From the equation, we learn that 

For every 482 grammes of the oxide, we get 32 of oxygen. 

“ for every | gramme, we get Of, ae fy of oxygen. 

“ for every 100 grammes, we get J, x 470 oe UY oe 71) 
grammes of oxygen. Ans, 

(2) Find the weight of steam: and iron required to generate 
40 Ibs. of hydrogen, 

The equation representing the change is :— 


Magnetic 
Steam. Jron. oxide of trom. Hydrogen. 
$H,O + 3 Fe mm FeO, + 4, 
4Q x 2+ 16) + 3x 56 oe (206K 84-16 4) 4 8 2! 
72 + 1h we -+ R 


Now, from the equation we learn that, 

to get & Ibs. of hydrogen, we require 72 Tbe, of stearn and 164 Ibn. 
of iron. 

* to get Lib. of hydrogen, we require 12 Ibs. of steam and 
392 Ibs, of iron. 

“ to get 40 Ibs. of hydrogen, we require 12 x 47 Tbs. of steam 
and 1¢% x ¢° Ibs. of iron. 

That is, 260 Ibs. of steam, 840 Ibs. of fron. Age. 
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(3) Find the percentage composition of nitric acid. 

The formula is HNO, 

* the molecular weight is 1 4-14 + 48 a 63. 

Now, for every 63 parts by weight of nitric acid, we have 1 of 
hydrogen, 448 of oxygen, and 11 of nitrogen. 

*” for every 100 parts by weight of nitric acid, we have gy x 
moof Hs gy x YP of OL Ly x MY OFN, 

se. t22 of hydrogen, 76, of oxygen and 222 of nitrogen, 


Hydrogen it 1°59 
Oxygen - TOV 
Nitrogen aa 32°02 


100-00) Ans, 


Note. —The percentage composition ts merely the statement of 
the rolative weights of each of the constituents in LOO parts of the 
compound 

Questions. 


1. How isthe svinbol of an element formed" For what does 
the aymbol + Mg! stand? 

4, What isachemical formula? What does it signify ? 

© 3. (7) What quantity of water ds represented by the forinula 
OH,” 

‘ (>) Explain how the composition by weight is expressed by 
the formule of a compound, ” 

4 Find the molecular weight of sulphuric acid. How does a 
molecule differ from an at om” 

@5. For what purposes are chemical equations employed and 
what information de they convey” ° ° 

© 6. Complete the equation Zn 4. H, SO, as 

Caloulate the weght ¢f sine and of sulphuric acid required to 
produce four grains of hydrogen. 

@7. Show hew vou would ase a chemical equation to ascertain 
the weight of sulphuric acid required to dissolve 100 Ibs. of zinc 
and the weight of Epaeeee thus produced. 

8, Write in words 

(a) Fo + H,SO, = FeSO, + H, 
() Zn + 2 HCl ew ZnCl, + H, 

@¢ 9. Whatis meant by the combining weight of an element ? 
Explain why the combining weight of oxygen is said to be 16. 

10. Find the percentage composition of Ferrous Sulphate and 


~Bow 
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11. Write equations for the following reactions: 
(a2) The action of dilute Sulphuric acid upon iron @lingu. 
(b) The decomposition of steam by red-hot iron. 
(c) The action of sodium on hot water. 
(d) The action of dilute hydrochloric acid on zine clippings. 
12. Kxplain the meaning of the fullowing equation :-- 
Iron Hydrochloric Ferric Heydrogou 
acid chloride 
Fe + 2HCI — FeCl, ++ H,. 
13) Caleulate the weight of hydrogen and iron oxide which 
will be produced when 200 grammes uf iron are heated in a cur. 
rent of steain, if the oxide produced has the formula FeO, 


CHAPTER VI. 
CoMPOSITION OF WATE. 


49. Water isa chemical compound of oxygen and 
hydrogen in the proportion of 1: 2 by relme, and 16: 2 
by weight. 

The compusition of any compound may be determined 
Gither by analysis or by synthesis. Analyse is the do- 
composition of a compound into its component clements. 
Synthesis is the building up of a compound by bringing 
together its compohent clements. 


The expression Qualitative composition is used to 
denote the elements of which a compound is built up, 
Quantitative composition to denote the proportion b 
weight as well as by volume in which the compoun 
contains ite constituent elements. 


30. Composition of water by volume. —(1) Analysis 
of water. The composition of water by volume is found 
by decomposing water by a current of electricity, when, 
for every two volumes of hydrogen one volume of oxygen 
is produced. 
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E2pt. 41.—Tuake a funnel-shaped glass, closed at the 
bottom with a cork through which two platinum wires pags. 
Pour into the funnel some acidulated water. Fill two test 
tubes of equal size with water, and invert them over the ends 
of the wires in the glass. Now, connect the other ends of the 
wires with the pole wires 
of a Grove’s buttery. A 
current of electricity at 
once passes through the 
water and decomposes it. 
Hence bubbles of pas 
appear around the plati- 
num wires and rise in the 
two tubes displucing the 
water. 

It will be observed that 
twice as much pas col- 
Jeets inthe one tube as in 
the other. The gas pro- 
duced in smnaiier quantity 
ix oxygen, as it will be 

Fig. 14 found to rekindle a red- 

hot splinter of wood 

introduced into it. The other gos is hydrogen, as it will be 
fuund to burn with a pale blue flame, when lighted. 





Thas, we conclude that water is composed of one part by 
volume of Oxygen aud < parts of Hydrogen. 

(1) Synthesis of water. 

Kept. 42.- Send an electric spark into a mixture of two 
volumes of hydrogen and one of oxygen. The entire gareous 
tnixture is changed with an explosion into waster, leaving no 
residue. If we take of cither gas a little more than the re- 
quired proportion, the excess remains uncombined, 

Ol. The composition of water by weight.—The 
composition of water by weight is determined by passing 
a ourrent of pure and dry hydrogen over a known weight 
of heated black oxide of copper. The bydrogen combines 
with the oxygen of the copper oxide to form water and 
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the black oxide losing its oxygen is left behind as a bright 
red powder of metallic copper. From the weights of the 
copper and the water formed, we can easily find the 
proportion by weight of oxygen and hydrogen in water. 
Thus, if the weights of the copper oxide, copper, and 
water are 82 grs., 50 grs. and 36° grs., respectively, the 
36 grs. of water formed contains 32 yrs. of oxygen and 4 
yrs. of hydrogen, That is, water is composed of 1 part 
of hydrogen by weight to every 8 parts of axygen. 

Kept, 43.—Take «a bulb-tube of hard glass A containing 
black oxide of copper (CuQ), and a U-tube B filled with dry 
calcium chloride (CaCl). Weigh them: both aeparately, and 
note down their weights. 

Next. take a flask C containing zine for penerating by. 
drogen, a wakh-bottle D contiuming strony sulphuric acid for 
drving the hydrogen, and a glass tube E containing calenm 
chloride for drying the pas still further, 





Fig. 15. 


Now. arrange the whole apparatus as shown in the figure, 
and pour down the funnel-tube some dilute sulphuric acid 
upon the zinc clippings. Hydrogen gas is generated, and 
passing through the whole apparatus expels all the air, and 
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yets thoroughly dried asit bubbles through D and B. When 
the air haa all been expelled, heat the copper oxide in the bulb- 
tube by a lamp. 


The hydrogen combines with the oxygen of the copper oxide 
to form water, and the black oxide losing its oxygen is left be- 
hind an a bright red powder of metallic copper. 


Black otide 
of copper, 


CuO es He m= HQ + Cu 


The water formed by the union of hydrogen with the oxygen 


of the copper oxide ts absorbed by the calcium chloride in the 
tub: B. 


Again, weigh the bulb-tube A and the U-tube B. It will 
now be found that the tube A rmergha Jess, having lost the 
weight of oxygen, and the tube B oaweighs more, having gained 
the weight of water forined in the re-action. 

We have 


Hydrogen. Water. Copper. 


(i) Wt. of the tube A before expt. is 1,000 grs. 
ns a after expt. is 960 yrs. 

* the lows of wt. due to the escape of oxygen is 40° grs. 
i) We. of the tube Bo before expt. is BOO grs. 
after expt. is 845 grs. 


% the gain of wt. due to the water formed is 45° gru. 

Sooowe see that 4. yrs. of water contains 40 grs. 
of oxygen. | Since water contains notbing but oxygen and 
hydrogen, the weight of hydrogen in the water must be 
45 —~ 40 om 5 yrs. 

Thus, we find that 45 parts by weight of water con- 
tain 40 parts by weight of oxygen and 5 parte by weight 
of hydrogen ; or to 2 parts of hydrogen by weight, water 
contains 16 parts of arugen. 

02. Properties of water.——Water exists in naturo in 
three forms: in the solid form as ice, in the liquid state 
as water, and in the gaseous form as steam. 

(4) Physical properties :—1. Pure water has no taste, 
smell or colour. Deep water appears blue. 
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2. It is liquid at the ordinary temperature, but freezes 
at O°C. and becomes steam at 100°C. under normal 
pressure. 

3. It is more than 800 times heavier than air, and 
has a maximum density at 4°C. 

4. It is almost incompressible. 

5. Itis a bad conductor of hent and a good conductor 
of electricity. 

(b) Chemical propertivs: 1. In crystals, water serves 
to keep their crystalline structure, 

2. Wateris the best solvent. Ao greater number 
of substances dissolve in it than in any other liquid. 
Thug, it greatly aids chemical change by bringing into 
close contact the substances which are to act chemically 
upon one another, 
3. It is decomposed by many inetals, Thus, potas- 
sium, sodium and calcein decompose it in the cold ; 
iron, zinc and maynesinin when red-hot: while zine and 
iron by the help of an acid. On the other hand, gold, 
silver, mercury and copper have ne action whatever 
upon water. 

Questions. 
1. Explain the two incthods by which the compound nature of a 


substance may be determined. Describe two ample oxperiments 
illustrative of your answer. 


9. Explain how the effect of sending heat Into water differs 
from that of sending a current of electricity into it 


©3. What is the composition of water hy weight and by 
volume? By what experiments can the relative proportion of its 
constituents be demonstrated ? 


4. Name the three different states in which water is known to 
us How may water be decomposed without the application of 
chemical re-agents ? 

*5. Describe how you would ascertain the qualitative compo- 
sition of water? Having proved that water contains both oxygen 
and hydrogen, how would yon show the proportion in which these 
elements are combined, by weight as woll aa by volume ? 
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®6. What action takes place when hydrogen is passed over 
hoated black oxide of copper? Describe how the re-action is used 
for ascertaining the relative weights of hydrogen and oxygen in 
water. 

®©7, Describe the changes which occur when a stream of dry 
hydrogen ix passed over heated black oxide of copper. If 158 
grammen of copper oxide are heated, what weight of hydrogen is 
necessary to reduce the oxide completely ? 

8. When 52-821 grammes of black oxide of copper were heated in 
contact with hydrogen, the residual copper weighed 41°986 grammes 
and 127197 grammes of water obtained. Find the percentage com- 
pesition of water, 

*9. Explain hew a chemical equation is used to ascertain the 
weight of black oxide of copper required to convert 10 grammes of 
hydrogen into water. 

10.) Describe the hehaviour of metalson water, Give some of the 
Properties of water, 


CHAPTER VII. 
NATURAL WATERS. 


i. Rain water.-—Rain-water is the purest form of 
Water occurring In niture. By the sun's heat, the water 
of rivers, Iukes and oceans is evaporated, and ascends 
into the sky in the form of vapour or invisible steam. 
Aton certain height, these vapours Posing their heat be- 
come converted into visible clonds which are carried by 
the wind all over the globe. When these clouds meet 
cold air, they are condensed and fall down as drops of 
rain. Rain-water is therefore distilled water. 

Rain-water, however, differs from distilled water in contain- 
ing » amall quantity of nir and carbonic acid yas dissolved in 
it during its passage through the air. But both distilled water 
and rain-water leave no residue when evaporated, and at once 
produce a lather with soap solution. The presence of carbonic 
acid gas in rain-water can be shown by the lime-water test. 


54. Spring-water.—Spring-water is rain water which 
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has passed through soils and rocks. Thus, it contains 
several substances and gases in solution. According to 
the nature of the soil through which the water passes, 
spring-waters may contain in small or large quantities 
one or more of the following substances: common aalt, 
chalk, gypsum, magnesium carbonate, and Epsom salts. 
Further, nearly all springs contain a very small quan- 
tity of silica or sand in solution. Silien (SiOs) dis- 
solves in hot water containing an alkali, such as potash 
In solution. 

The waters of town-wells generally contain also traces 
of organic matter, ammonia, more or less of the nitrates 
and the unhealthy nitrites of calcium and of sodium. 

Npring or river water distinquuhed from rain-twater, 

Bayt. 44.—Boil down some clear spring or filtered river 
water ina clean porceliin dish so as to drive off all the water, 
We shall always find that some aclu?’ reatdue in deft. Boil 
down some distilled water. No solid residue will remain, 

55. River-water. Rain-water flowing on the sur- 
face of the carth and gathering into large quantities forms 
rirer-water. As it dissolves and washes away many sub- 
stances from the soil, when flowing over the surface, it 
becomes more and more impure. 

The nature and quantity of the impurities depend upon 
the nature of the soil through which the river passes and 
on the kind of organie matter derived froin sinacs drain- 
age. Water (a5 of the Dee in Scotland) passing through 
granite and other hard rocks cannot take up in solution 
any substance and is nearly pure. Water flowing over 
rocks of chalk (as of the Thames) or of gypsum (as of 
the Trent), or of beds of rock-salt contains these sub- 
stances in solution. 

Suspended impurities are also found in river-waters. 
These consist chiefly of clay, sand, animalcules and organic 
matter such as tissues of vegetable and animal matter. 


46 CHEMISTRY. [cHaP. 


So river-water is turbid and is always found to be full of fine 
muddy particles. It can therefore be casily distinguished from 
apring-water, which is clear and free from muddy particles in 
suspension, 


66. Organic impurities in water tested. 


Eept. 45.--Add a few drops of sulphuric acid to such water. 
Then pour aome potassium perinanganate solution into it. 
The colour of the solution will be found to change from purple 
into dull-red in an hour or two. 


57. Drinking-water. --For drinking purposes, water 
should be obtained from as pure a souree as possible. It 
should be clear and colourless, and as free as possible 
from organic impurity arising from sewage contamination 
or contact with decaying animal or vegetable matter. To 
secure this, drinking water should be boiled and finally 
filtered. 


The tri-pot filter arrangement should be used in’ every 
household which desires wholesome water for drinking. It 
consists of three earthen pots, one above the other in a stand. 
The lowest receives the filtered water. In the other two pots 
are made three or four small holes in which pieces of straw are 
inserted. The top-most contains well-washed river sand and 
the middie one, mixture of clean sand and fresh charcoal. 


Roiled water in poured in the top-magst pot. Most of the 
impurities undergo dicouisomiians by the boiling and are thereby 
rendered hartuless, while the suspended impurities are kept 
back by the sand. The oxygen encased between the grains of 
sand and contained within the pores of the chareoa] further 
ucta upon some of the dissolved injurious matter and oxidizes 
them into harmless compounds. When the water falls in drops 
through the air from the first pot to the second and from the 
second to the third, some air gets dissolved in it. This completes 
the decompoaition of dissolved organic matter and to a great 
extent restores to the water the taste it had lost on being boiled. 


Note. —The sand, the pieces of straw, and the charcoal shouid be 
renewed as often as possible, and the pots well cleaned and dried 
at times. 
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58. Sea-water.—Sca-water is the most impure water found 
in nature. This is owing to the sea constantly having dissolved 
and suspended matter carried into it from the land, and pure 
water being carried away by evaporation. 

Sea-water is largely loaded with conunon salt. It also contains. 
a large number of other sults such as magnesium chloride, 
magnesium sulphate and calcium sulphate. 100 grs of sea- 
water contain about 2$ grs. of common salt; while other sub- 
stances in solution amount to only |), of a grain. 


Test for salt water. -Hhept. 46.—-Add a few drops of silver 
nitrate solution to Ken-water or water containing the slightest 
traces of common salt. The liquid becomes milky, « white 
precipitate of silver chloride beimg formed. 


Gigk nes cate Silver Silver Sodium 
; nitrate, chloride. nitrate, 
NaCl -} AgNO, wm Ag +: NaNQ,. 


59. Hard and soft water. Water is said to be hard, 
when soap does not af once forma lather with it, but a 
sediment or curd is produced. [tik said to be aeft, when 
it readily forms a lather or froth with soap. Rain water 
and distilled water are soft; while sea-water, most spring 
and river-waters are hard. 

The chief cause of hardness is the presence of the silts 
of calcium or the salts of mapnesium, such as chalk 
(CaCQOs), evpsaum (CaSO,), Epsom salts (MgSO, ) and 
Inagnesium carhonate (MgeCO,) in solution, 


60. Test for hardness of water. 

Fept. 47.—Add a few drops of clear soap solution tow specs: 
nen of water and shake the liqnid. Hf a curd or precipitate is 
produced, the water ix hard, but ifn lather is at once formed, it 
is Boft. 

It should be remembered that, if a sufficient quantity 
of soap solution is added to hard water, a froth wil) ulti- 
mately appear. Soap solution is made by shaking up a 
few shavings of soap with hot water and filtering the 
solution. 
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61. The hardness of water is of two kinds. 


(i) Temporary hardness of water is chiefly caused by the 
presence of chalk or magnesium carbonate in it. These 
salts are insoluble in pure water but dissolve to a con- 
siderable extent in water containing carbonic acid gas in 
solution. 

River and spring-waters generally contain chalk in 
Aolution, because rain-water which chiefly constitutes 
them has carbonic acid pas in solution. 

Kept, 48.—When we blow the expired air into some clear 
litue-water, it becoms iilky by the formation of chalk; but if 
we continue to blow for about five minutes, the milkiness begins 
to dixappear and the water becomes clearer, the precipitated 
chalk greatly dixsolving in the water containing carbon di-oxide 
in solution, Filter the liquid. The clear solution will be found 
by the soap test to be quite hard. 

(i) Permanent hardness of water ix caused by the pre- 
sence of gypsum or Epsom salts. 


G2. Methods of softening hard waters. 

(i) The temporary hard water becomes soft, if it is 
deprived of the carbonic acid gas which holds the chalk 
or the magnesium carbonate in solution. This is done in 
two Ways: 

(a) By boiling the water. 

(bh) Ry adding lime-water 

Rept, 40. -- Boil some hard chalk water in a flask. All the 
earbonic acid gas which holds the chalk in selution will be 
driven off, and the chalk is thrown down as a white powder. 
Filter the boiled water. It will be found by the soap test that 
the wator is no Jonger hard but has been softened by boiling. 

Note.-—The crust ofteu found at the bottom or sides of kettles 
and boilers is simply the deposit of chaik which slowly separates 
out on boiling hard chalk water. 

Kept, 50.—Add some lime-water to hard chalk-water. The 
lime combines chemically with carbonic acid gas present, form- 
ing chalk. Tho water, deprived of carbonic acid gas, can now 
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no longer hold in solution the chalk py ag ed contained in it, 
and this alao is precipitated. So the t becomes soft, 


Lime water. Hard chalk water. Chalk. Water, 
ee 
CaO, 2H, O + CO, + CaCO, + H,O = 2Ca00, + 8H, O. 


This latter method is usually employed when hard 
chalk-water is to be softened on a large scale. 

Note.—A solution of caustic potash may bo used instead of Iime. 
wator, but caustic potash is more costly. 


Hard chalk water. Caustio Soluble  Imnaoluble Wat 
potash. potashes, chalk. ers 


H,O + CO, + CaCO, + 2KOH «= K,CO, + CaCO, + 2H,O 


Caustio potash combines with carbonic acid to form potassium 
carbonate ; this remains dissolved in tho water. Tho chalk iu pre- 
cipitated, carbonic acid holding it no moro in solution. 


(ii) Hard gypsum water cannot be softened by boiling 
the water. ATonee it is called permanent hard water. 
It is softened by the addition of washing soda (Na, CO, ). 
Washing soda acting upon gypsum produces calcium 
carbonate and sodium sulphate. The lores is removed 
by filtration ; the latter remains in the water, but does 
not make the water hard. 


Gypsum. Washing Roda. Chalk. — Budiuzn Sulphate. 
CaSO, + Na, CO, ~: CaCO, + Na, 8O, 
Questions. 


1. What is tho purost form of water found in nature? How fa it 
formed ? 

9. What reasons have we for saying that rain-water {x distiied 
wator ? 

#8, Mention the principal substances which ordinary river 
water contains in solution. What substances tegen injurious 
to health often occur in the river water or shallow woill-water of 
towns? Describe some ee rocesa (such as could be used in 
any household) by means of which such dangerous waters could be 
made safer to drink. 
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4. How do rain-water, spring-water, river-water and sea-water 
differ from each other? Describe any simple experiments by which 
they may ho identitied., 

6S. Whet are the casential qualities of good drinking water ? 

® G6. Give two tests by which distilled water can be distinguish- 
ed from river or well water, 

§, How can vou tell whether a water is soft’ or ‘hard’? State 
the constituents to which the temporary and permanent hardness 
of water are respectively due. Tlow are hard waters softened ? 

® 8. Sea-water and ran water are separately (2) mixed with soap 
xolution, (4g mixed with wilver nitrate solution, and (c) evaporated 
State and explain What happen. in cach case, 

Yo Pexplain fully what takes piace (1) when a current of carbon 
dboxide is passed Chrough time water, (2) when soap solution is 
added te hard water, 

#0. Explain fully why seme hard waters are softened by beil- 
ing, while others are not. 

Lt, Explain the circummtanees under which the addition of (a) 
washing soda, (4) lime-water renders a water soft, and state why 
they do so. 

Ig. Calculate the weight of silver nitrate required (o precipitate 
60 gre. of common salt in solution ; alse the weight of silverchloride 
produced bv the re-action, 


CHAPTER VIII. 
OXYGEN > Symb. O; At. Wt 16, 


63. Occurrence. --Oxveen is a gas, and exists both 
free and combined. Tt is the most abundant and widely 
distributed element in nature. Inthe free state, it oecurs 
in the atmosphere mechanieally mixed with about four 
times its volume of nitrogen. Combined with other ele- 
ments, if constitutes cight-ninths by weight of water and 
nearly one-half by weight of the earth's solid crust. 

64. Preparation.— Pure oxygen is got by beating red 
oxide of mercury or chlorate of potash, or by the electro- 
lysis of water. But when required on a large scale, 
Oxygen is obtained by heating chlorate of potash mixed 
with black oxide of manganese. 
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kept. 51.—Put a little of the powder called red oxide of mer- 
cury inca hard glass tube fitted with a cork and a delivery tube, 
and heat itan the Mame of a apirit hanp. The red powder firnt 
darkens in colour and is then decomposed by the action of heat 
Into mercury ambos Phe evedved oxspenm aiay be cel: 
lected over water sir thie pusonoatie trough; whale the ree ae ary 
condenses in the forin of metadhe ploluales upon the eooler 
pact ts of the tube anstde, 


Merearie oxide, Mereturs, Oxs pen, 
2 Hea 22 2, i Q, 
Seog ley; aie 10 ‘ a 


Note go. Vw rete cade id the cau are Caher seas to wet mn 
wuitite miclee ule of owsge bh, 

Note 2.0 Ontef @o2 ports bs weaght of merenrie ondde whieh da 
very cestiy, We get oonmdv SZ parte by wept ef ows gen, Mince (his 
method will ty found to le very Ospeneive. Where oven i rectired 
ena barge seule. 

Gi) For experimental purposes, oxygen is best prepared 
by heating a® mixture of potassium chlorate and black 
oxide of mianpanesc. 

Bearpl. 2. - Take some powdered chlorate of potash and arx 
it with cnongh toanpanerse dioxide to make at blaek. Gently 
heat the oustore ino flask fiirtushed with acath and a long 
tube. Pataesaiga Chiorate ts decomsy cued ante oxvpan and 
potassium chloride. The gar, as at reeapes at the end of the 
tube, nav be collected over water in the trough. 


2KC1IO, + MnO, @# Z2ACL 4 MnO, + 40, 


The black oxide of manganese undergocs no change 
whatever, but merely helps the decotnposition, When 
chlorate of potash is heated alone, it undergoes decompo- 
sition at a high temperature of about 400°C. 


Note.--If chlorate of potash or red oxide of mercury of any 
substance which gives up oxygen te heated with carbon or hydrogen, 
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the liberated oxygen combines with that element to form an oxide. 


Thus, 
2 HgO of C a! 2Hg + co, 
2Kclo, + 30 m= 2KCl+  38C0, 


65. Properties.—1. Oxygen is a colourless gas, hav- 
ing no taste or smell. 


2. Itis slightly heavier than air, its Sp. Gr. being 1:1. 

3. It is slightly soluble in water. 

4. Oxygen is a supporter of combustion and is not 
gonerally combustible. 

5. It is the only gas which can support respiration 
and consequently animal life. 

6. Oxygen is remarkable for its great chemical 
activity. Even at the ordinary temperature, it is able to 
combine with such clements as phosphorus, potassium, 
sodium and iron. At high temperatures, it combines 
with all the elements except fluorine, to form oxides. 

7. Substances which slowly burn in air burn in 
oxygen with increased rapidity and brilliancy. Many 
substances that do not burn in air burn with violence in 
oxygen. 

Eopt. 58.—Plunge a burning candle into a jar of oxygen. It 
burns with an increased brilliancy, producing steam and carbon 
di-oxide. 

Eept. 64.—A small quantity of sulphur, melted and allowed 
to burn in a spoon, burns in oxvgen with a brilliant blue fame 
forming sulphur di-oxide (SO,). 

Eupt. 55.—Ignite a small piece of dry phosphorus in a spoon. 
Pasa it into a bottle of oxygen. It burns with dazzling 
brightness in the gas, forming white fumes of phosphoric 
anhydride (P, 0,). 

Eept. 56.—Introduce a piece of red-hot charcoal into a jar 
+ or gon. It burns brilliantly in oxygen forming carbon- 

-oxide. 
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Kept. 57.—Take a fine iron-wire and dip one end of it into 
melted sulphur. A little of the sulphur will adhere. Now 
ignite the sulphur, and while it is burning, pase it quickly into 
a jar of oxygen. The burning sulphur heats the iron wire 
to redness, and then the iron itself commences to burn 
brilliantly, giving out sparks of iron oxide (Fe,Q,). 

Test for oxygen.—.1 red-hot splinter of wood, intros 
duced into a jar of orugen, immediately bursts into flame. 


Note.—The uses of oxygen dissolved in water. 

(a) The oxygen dissolved in) water server for the breathing of 
fishes. Fishes pass the water through their gills and take the 
dissolved oxygen for breathing in. When the water is boiled, the 
oxygen is driven out, Hence a live-fish placed in water boiled and 
cooled without exposure to air, dies from want of oxygen. 

(b) It gives taste to the spring or river water. Boiled water fa 
insipid, because the oxygen has been driven out. 

(c) It devompoxes vegetable and animal impurities that are 
generally present in river or canal waters and forms with them 
harmless compounds, Thus, it makes running water wholesome. 

66. Metals become heavier by oxidation. 

Fept. 58.—Dip the ends of a horge-shoe magnet into iron 
filings. These will stick to the magnet forming a kind of small 
brush. Hang the magnet to one end of the beam of a balance, 
and counterpoise it by weights at the other. If we now set fire 
to the filings, they will burn, combining with the oxygen of the 
air to form iron-rust or oxide of iron. And the rast will be 
found to be heavier than the filings. 

Expt. 69.--Weigh a sinall quantity of mercury. Heat it in 
air nearly to its builing temperature. It will gradually change 
to n red powder. If the powder is now weighed, it will be seen 
that it weighs more than the shining mercury, having com- 
bined with the oxygen of the air. 


67. Oxygen and Hydrogen compared. 

(i) Points of similarity. 

Both are transparent, colourless, inodorous gases, 

(ii) Points of dissimilarity. 

1. Oxygen combines easily with carbon, sulphur, phos- 
phorus, and iron. It is a difficult matter to get any of these 
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clements to combine directly with hydrogen. Further, sub- 
atanceos which combine readily with hydrogen do not combine 
readily with oxygen; ¢.g., fluorine, chlorine. 

2. Oxygen is 16 times as heavy as hydrogen. 

8. Oxypenis asupporter of combustion and animal life; but 
hydrogen is a combustible gas and does not support animal 
life. 

4. Hydrogen is less soluble in water than oxygen. 

68. Ozone (O3).—Oxygen sometimes appears in a 
moditied form called ozone. 
When an electric machine 
is ut work, or when an object 
is struck by hyhtning, the 
smell of ozone can be noticed 
In the vicmity. 

Ozone has a strony and 
rather unpleasant smell. It 
Is more active than oxygen, 
Most metals—cven mereury — 
are at once acted upon by it. 
It bleaches vegetable colours, 
and rapidly destroys organic 
matter, It contains in its 
molecule three atoms of oxygen, while oxvgen contains 
only two, ' 

69. Metals may be recovered from their salts; or 
earthy substances contain metals. 

Erpt. 60.—Dip the clean blade of a knife in a solution 
of copper sulphate. The blue liquid loses its colour and 
the blade gets coated with a reddish brown powder of metallic 
copper, where it dipped in the liquid. Here, the iron displaces 
the copper, atom for atom, forming ferrous sulphate. 

Bluestone, Iron. Tron sulphate. Copper. 
CuSO, + Fo = FeSO, -+- Cu. 


Eept. 61.—Take a solution of lead acetate, commonly called 
sugar of lead. Allow a bit of zinc to hang in the liquid 
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for some hours. An exchange will take place betwoen the two 
metals, zinc dissolving in the acid to form zine acetate and 
an equivalent weight of lead being set free in bright crystals. 
This will be deposited on the remaining zine, forming a tree- 
like growth called the lead-tree or the tree of Saturn, (Fig. 16.) 


Kept, 62.—Take some solution of silver nitrate in’ water. 
Add a few aa of mercury to it. A silver tree will grow 
round the metal in a few days. 


Questions. 


* 1.) Deseribe two different methods for preparing oxygen. To 
which would you assign the preference for (a) cheapnoss, (b) rapidity 
with which the gas is evolved, and (c) purity of the gas obtained ? 

* 2. Mention the chief properties of oxygen. Tow is it collect. 
ed? What is its test? 

3. Explain the uses of oxygen dissolved in water. 

{. Deseribe experiments to prove that 

(a) Substances become heavier by oxidation. 
(4) Substances which do not burn in air burn in oxygen, 


©}. Describe what takes place, when oh rod oxide of mereury 
is heated in air, (2) a burning candle is brought into a jar of oxygen, 
(r) chlorate of potash is heated. 

* 6. Ifa watch-spring were barnt in a closed vessel of oxygen, 
would the weight of the vexsel and its contents be altered by tho 
combustion ? Give reasons for your answer, 

Ans. Tho weight of the vessel after combustion will be the same 
as bofore. All that has taken place is chomical combination be- 
tween the watch spring and the oxygen inside the closed vossol to 
form oxide of iron, which alsu remains within the vessel. Bince no 
new substance has come into the vessel, nothing bas gone out of it, 
and the weight of a compound is exactly equal to the sum of the 
woights of tho constituents, the vessel weighs neither more nor lesa, 


7. Why do substances not burn as actively in the air as they do 
in oxygen ? 

Ans. (a) In air, every molecule of oxygon is surrounded by four 
molecules of inert nitrogen ; so less surface is exposed to the action 
of exygen. (5) Part of the heat of the burning matorial Is spent in 
raising the temporature of the nitrogen moleculos. 

8 Caleulate the weight of the substances formed, when 100 oz, 
of potassium chiorate is heated in air. 
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9. In what other form does oxygen exist ? How does this form 
differ from oxygen ? 

* 10. State how the following substances are prepared and men- 
tion some of the properties of each: Mercuric oxide, lime-water, 
quick-lime, slaked-lime and caustic soda. 

© 11. What takes place when (a) a piece of zinc is placed ina 
solution of lead acetate, (b) a piece of iron is dipped in a solution of 
bluestone. 

® 12. A piece of iron when placed in a solution containing copper 
sulphate precipitates copper. Name the new compound which is 
formed during the inter-action. Assuming that 20 grammes of 
copper have been precipitated, calculate the weight of (a) the copper 
sulphate which has been decomposed and of (1) the new compound 
which has been forined. 

® 18. Iron precipitates copper from solutions containing the 
latter metal. What compound is formed whe a plate of iron is 
placed in a solution of copper sulphate ? Write an equation for the 
chango which takes place, and calculate tho quantity of the com- 
pound referred to which can be obtained from | lb, of the copper 
salt. Fees 56; Cu a63°5; 8 ae 82; Ome 16, 


CHAPTER IX. 


Carwonic Actip Gas (CQ;.) 


70. Occurrence.—Carbonic acid gas is also called 
carbon dioxide and sometimes carbonic anhydride. 
Miners call it choke-damp or after-damp. It occurs free 
in air. It is also found in the water of many springs, at 
the bottom of old wells and coal mines, and is evolved 
from volcanoes. It occurs combined in chalk, lime-stone 
and sea-shells. It is always produced when organic sub- 
stances decay, and when substances containing carbon 
burn. 

71. Preparation of Carbonic acid gas.—Eept. 68.—Take 
a few pieces of chalk, lime-stone or marble. Put them into a 
flask fitted with a cork, bent tube and tube-funnel. Pour some 
dilate hydrochloric acid down the funnel. The chalk diseol ves 
in the acid forming calcium chloride and water; while carbonio 
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acid gas escapes in bubbles and is collected by downward dis- 
placement. 


Chalk. Hydrochloric Carbonic Water. Calcium 
acid, acid gas. chloride. 


CaCOs + 2HCIl = COz + H:O + CaCh 


‘All carbonates, when treated with dilute hydrochloric 
acid or sulphuric acid, liberate Carbon dioxide, Many, 
such as limestone, liberate it when heated. 


Potashes. Hydrochloric Potussium Carbon Water. 


acid, chloride, dioxide, 
K, COs; + 2 HCl = Q9KCL 4+ COsg + H{,O 
Ca COs + H,.SO, = CaSO, + CO, + H,O 
Limestone. Lime. Carbon dioxide, 
Ca CO, + heat =- CaQ sh Co, 


Note... Lime is different from limestone (1) Tf we pour acid 
upon lime, bubbles are not given off; it has therefore no carbonic 
acid gas. (2) If we pour water on it, we notice the solid substance 
falls to powder and becomes hot enough to make the water boil, 


Lime. Water. Slaked dime. 
CaO “+ HW.O Cn (OH) y. 


72. Properties.---(1) Carbon di-oxide is a colourless 
gas, having # feeble acid taste and a faint smell, 

(2) It ig 1) tines as heavy us wir; hence it is prepared 
by downward displacement, and can be poured from one 
vessel to another like water. 

Kept. 64.—Tuke a jar of carbon di-oxide and pour it down 
over a burning candle. The candle ik extinguished as the gas 
falls upon the flame. 

Eept. 65.—Balance an open gluss vessel on a pair of acalen, 
and then pour into the glass carbonic acid gas, The weight 
increases as the vir is displaced by the carbonic acid, thas 
showing that carbon di-oxide is denser than air. 

Note.—A gas is collected by downward displacement (Fig, 23), 
when it le considerably heavier than air. The end of the tube con- 
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ducting the gasis brought tnto a bottle, placod mouth upwards. 
Tho issuing gas, being heavier, falls down to the bottom of the 
vossel and fills it, displacing the air. 

(3) It is moderately soluble in water, and is readily 
absorbed by caustic soda and caustic potash. 

(4) It is not a combustible gas, nor a supporter of 
combustion or aninial life, 

Note. —Carbon di-oxide does not burn, because it already holds 
in combination all the oxygen it has the power to combine with. 
Before it can burn again, i must be decomposed, 

(5) It puts outa burning taper, and turns limowater 
milky. (This cs the test for carbonic acid gas.) 

(6) Tt is decomposed by red-hot potassium or burning 
magnesium which unites with the oxygen and sets free 
carbor as soot, 


2Mp + CO, =. 2MpO + = C. 


73. Carbonic acid.-—-A solution of carbon dioxide in 
water is foebly acid, turning blue litinus to a port-wine 
red colour, while the stronger acids turn it scarlet red. 
This solution may be regarded as the true carbonic acid. 


Carbonic Water. Carbonic acid. 
auhydride, ; 
CO, + H,O se H, CO; 


The solution (HCO) acts upon basic solutions and 
forms salts called carbonates. 


Carbon dioxide in solution. tae Sake Water. 
COg + Hz O + 2KOH = Kg COs + 3H3 O 
P Insoluble Water. 
Carbouio acid. Slaked lime. chalk. 


COs +Hs0 + Ca(OH)s = CaCOs + 2820 
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The acid + (Hz COs) is 30 unstable that it breaks up into 
carbon dioxide and water. 

74. Composition of carbon dioxide.-—When car- 
bon is burnt in oxygen, no change of volume occurs, and 
earbon dioxide is therefore said to contain its own volume 
of oxygen. Again, if a known weight of pure carbon 
such as graphite or diamond be burnt in oxygen, and the 
carbon dioxide formed be weighed, it will be) found that 
12 parts by weight of carbon unite with $2 parts by 
weight of oxygen to form 44 parts by weight of exrbon 
dioxide (COg ). 

73. Carbon mon-oxide (CO), or carhonie oxide. 

(i) Preparation.—When carbon di-oxide is passed over 
red-hot charcoal, iron, or zine, carbonic oxide is formed, 


Carbon di-oxide, Charconl, Carbonie oxide, 
COs + C aie 2CO. 
Iron. Carbon di-oxide. Tron oxide. Carbonie oxide, 
Ke + COs -. KeQ { CO. 


Note. — If steam be passed over over red hot charcoal, carbon mon. 
oxide and hydragen will be formed. 


He2O + CC «x. C€O 4 Ha 


(ii) Properties, —(1) Carbon monoxide is a colourless, 
tasteless gas, having a faint disayrecable sinell. Lt is 
very poisonous, when breathed. 

2) It is almost insoluble in water. 

3 It does not support combustion, but burns in air 
with a pale blue flame. 

(4) At high temperatures, carbon mon-oxide has a very 
strong attraction for oxygen, and is hence # good reducing 
agent. 

CuO + CO = Cu + CO; 


¢ For the explanation of the terms acid, base, &c., vide Chap. xiii. 
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Note.—A reducing agent isa substance which, combining 
with the non-metal of a mineral, leaves the metal in the pure state. 
For example, when hydrogen is passed over heated copper oxide or 
iron rust (FeO), it combines with the oxygen to form water and 
leaves the copper or the iron in the metallic state. 


Questions. 


* 1. How is carbonic acid gas prepared ? Give its chief properties. 

® 2. How would you use a chemical equation to ascertain the 
weight of chalk required tu produce 100 tbs. of calcium chloride ? 

* 3. What gas is formed when hydrochloric acid acts upon chalk 
or marble? How much of this gas by weight can be obtained from 
100 Iba. of oither of these materials ? 

4. Howiscarbonic oxide prepared? By what other name is it 
called? Give its chemical formula and chief properties, 

® 6. What weight of carbonic acid yas is obtained by burning 
50 grs. of carbon and what weight of oxygen by heating the same 
quantity of mercuric oxide ? 

® 6. What do you see when hydrochloric acid is poured on to 
chalk ? Represent the chemical change by an equation. 

7 Distinguish between ‘collecting a gas by upward displace- 
mont” ands collecting it by downward displacement.” Give two 
diagrams illustrating your answer, (See Figs, 21, 23). 

8. How would you easily distinguish between lime-water and a 
solution of caustic potash ? 

Ans. (a) Tho former is slightly alkaline ; but the latter strong- 
ly. (b) If carbon dioxide is passed into the former, a white pre- 
cipitate is formed ; if into the latter no precipitate, 

® 9, How is lime obtained from chalk ? By what tests can lime 
be distinguished from chalk ? . 

10, Why does carbon di-oxide not burn? How would you 
ascertain its composition ? 





CHAPTER X. 
COAL AND COAL-GAB, 


76. Coal is a natural variety of carbon less pure than 
wood charcoal. It consists of the remains of plants and 
trees which once flourished on the earth's surface but 
which have become altered, having been buried under 
the earth for ages. 


X.] CARBONIC ACID GAS. 61 


Proof of the vegetable origin of coal.—(1) If we go downa 
coal pit, we shall see the roof and floor of the passages covered 
with impressions of leaves and other parts of plants. (2) If we 
slice a piece of coal very thin, we see in the coal itself marka 
which show that it once was all vegetable matter. 


Composition of Coal.—The chief constituent is carbon ; 
but it also contains a small quantity of hydrogen, oxygen 
and nitrogen. Besides these, there are certain mineral 
impurities of which iron pyrites (FeS,) and potassium 
carbonate (K, CO,) are the chief. 


Coal contains carbon.—Kzpt. 66.—Burn a piece of coal ina 
open vessel and pour a little lime-water in it. The lime-water 
at once turns milky, showing the formation of carbonic acid 
gas which is composed of oxygen and carbon. 


77. Varieties of Coal.--(1) Peat, (2) Lignite, (3) 
Anthracite, and (4) Bituminous coal Of these the last 
two are the most important. 


Anthracite coal is very hard. It is of an iron black colour 
with a semi-metallic lustre. It takes fire with great difficulty, 
and burns with very little flame giving off no smoke. It con- 
tains upwards of 90 per cent. of carbon but little volatile 
matter. This kind is much used in steam engines and for 
melting purposes, where great heat is required. 

Bituminous coul ia very soft. It contains about 79 per cent, 
of carbon. This is never burnt completely even in the open 
fire. It is much used in the preparation of coal gas. 


78. Burning coal in open air.—-If coal is burnt in 
open air, its constituents inostly combine with the oxygen 
of the air; the carbon is converted into carbon di-oxide 
and very often into carbon mon-oxide which imparts a 
sniell and a blue colour to the flame, the hydrogen burns 
into water, the nitrogen escapes chiefly as a gas, and some 
incombuastible and non-volatile ash remains. This ash is 
composed of the saline and earthy residue such as potash, 
silica, potassium chloride, magnesia, iron oxide, &. 
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79. Burning coal in closed vessels.!—When coal 
is heated to a high temperature in closed vessels provided 
with a delivery tube, its constituents, chemically acting 
upon one another, form Coal-gas, tar, ammonia, water, 
hydrogen sulphide, carbon di-sulphide and some other 
volatile bodies ; while a residue of grey impure carbon 
called coke is left behind in the vessel. 


80. Preparation of coal gas. 


Kept. 67.—Put some coal-powder into the bowl of a common 
long tobacco pipe aid cover the top with moist chav. After the 
clay is well dried, hent the bowl of the pipe over the thame of 
wspiritlamp. Ina short time, a vellow smoke consisting of a 





mixture of various vapours willcome out at the end of the pipe. 
This sinoke will burn with a bright thane when lighted. But 
the flame will be unsteady. If the end of the pipe is pushed 
under water and the gas is colleeted in bottles under water, 
most of the inipurities will dissolve in the water, and coal gas 
is obtained nearly pure. 


In gas-works the coal is heated in lirge iron retorts 
and the gas is collected in enormous gas holders made of 
iron-plate. 


 stemmmateliamenen nechtatioonstiaeambectienmenmemmesiigenditon ot 





+ The process of heating substances in closed vessels and collect- 
ing tho products formed is called destructive distillation. 
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Nete.— The wm puritios are :-~ 


1. Carbon di-oxide. 4. Ammonia, 
2. Hydrogen sulphide. 5. Coul-tar. 
3. Carbon di-sulphide. | 6, Vapour of water, 


The tar contains a opreat variety of substances, from some of 
which the well-known aniline colours, mauve and magenta are 
prepared, 

41. The chief constituents of coal gas arc:- 

(a) Fluneteating Ises ¢ 

(1) Tethylene (Cy) Tf). 

a? “east aclas 5 " 

(2) Acetylene (C,H). 

(3) Benzene (C,H). 
These hvdro-carbons impart brightness to the flame, 
(0) Heat producing qases: 

(1) Hydrogen. 

(2) Carbon mon-oxide. 

(3) Marsh prs. 

These burn with ao non-luminous flame but produce 
much heat. 

Thus, we see that con} gas isa mixture of several pases 
some of which are useful for iuminating, whilst others 
for heating purposes. 

82. Properties of coal gas.--1. Coal gas, when pure, 
ig an invisible and colourless pas with a faint sinell. 

2. [tis practically insoluble in water. 

3. [tis 8 times lighter than air. Hfence it is used for 
filling balloons. 

4. It is highly inflammable, und does not support 
combustion. When it burns, carbonic acid gas and water 
are formed. 

Because of its inflamimability, coal gas is now commonly 
used in towns for lighting purposes. 

83. Coal gas contains carbon and hydrogen. 
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Ewpt. 68.—(a) Hold a piece of paper over burning coal 
“0 aa ck site baad it will ia pean covered with a black 
layer of soot or carbon. (b) When coal gas is burnt in air, 
carbonic acid gas is formed. This may be proved by passin 
the products of combustion through lime-water which wi 
become milky. 

Kept. 69.—When a dry, bright, cold vessel is held over the 
flame of coal gas, water is deposited on the inside. 
Hydrogen must therefore be present in coal gas. 

84. Explosions in coal pits.—How pro- 
duced and prevented. 

Marsh gas (CH,), called by miners fire- 
damp, issues in large quantities from the 
crevices of coal-pits. This combustible 
gas, When mixed with ten times its volume 
of air or twice its volume of oxygen, forms 
an explosive mixture which takes fire at the 
miner's candle and a dreadful explosion 
occurs, causing the death of the miners. 

The carbon and the hydrogen of the gas 
combine with the oxygen of the air and 
form carbonic acid gas and steam, while 
the nitrogen remains uncombined. These 
gases cannot support human life so that 
the mivers die as surely as they do from 
the direct effects of the flame.} 


Marsh gas. Oxygen. 
CH, + 20, = CO + 28,0 


These explosions are prevented by the use of Davy’s 
Safety-lamp. This is merely an ordinary oil-lamp 
enclosed within a cylinder of fine wire-gauze. (Fig. 18.) 





¢ The air left in the mine after an explosion is called ‘after 
damp" or “choke damp "; for persons entering a coal mine after 
an explosion are suffocated. 
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Principle—(1) A mixture of fire-damp and air takes 
fire only at a very high temperature so that a substance 
igniting it must be not merely red-hot, but white-hot. In 
short, a mixture of fire damp and air explodes only by 
contact with flame. (2) The metallic wire-gauze has the 
property of conducting away heat so rapidly that the 
flume does not pass outside the gauze so as to raise the 
explosive mixture to the point of ignition. 


Action.—When a lamp of this kind is taken into an 
atmosphere in which an_ explosive 
mixture of marsh gas and air is present, 
this mixture coming intothe wire-gauze 
through the meshes makes the lamp 
burn with a pale enlarged flame; and 
a small explosion also occurs inside 
the gauze, but the flame inside cannot 
pass through. Hence no serious 
explosion takes place. The flickering 
of the flame and the occurrence of 

Fig. 19. small explosions inside the gauze warn 

the miners to withdraw. 

85. Wire-gauze conducts away heat rapidly. 

Kept. 70.—Hold a piece of wire-gauze close over a jet of 
hydrogen or coal gas.” Now light the gas on the tup of the gauze. 
The gas does nct burn below, even when the gauze is removed 
several inches sbove the jet. (Fig. 19) 

Expt. T1.—If we bring the wire-gauze over the flame of 
hydrogen or coal gas, the flame is flattencd and does not pass 
above the gauze. 

Eept. 72.—Pour a stream of burning alcohol on a piece of 
wire-gauze. The liquid which passes through docs not burn. 

The metallic wire-gauze conducts away heat rapidly. Bo, when the 
burning alcohol is passed through the moshes of the gauze, the 


liquid that passes through i» cooled down below the temperature 
requisite for burning. 


86. Marsh gas. (CH,). 





a 
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This gas is so called because it occurs naturally in stagnant 
water or in marshes. It is formed by the decomposition of 
organic matter out of contact with air. It is also the gas 
apie in coal mines and called by the miners fire-damp. 

t is one of the chief constituents of coal gas. 

Properties.—(1) Marsh gas is a colourless gas without taste 
or smell. 

(2) It is slightly soluble in water. 

; (8) It does not support combustion but burns with a bluish 
ame. 

(4) A mixture of marsh gas and air explodes in contact with 
flame, water and carbon di-oxide being formed. 


Questions. 


1. What is coal? How would you show that it is of vegetable 
origin? Mention some of its uses, 

*2. Coal, it is said, contains carbon and hydrogen. How could 
you prove the presence of both these elements in coal? 

8. What aro tho different varietics of coal? Why do some 
kinds of coal yield more gas than other kinds? 

Ans. Some kinds (anthracite) contain more carbon aad less 
hydrogen than others, and therefore give less gas and more coke. 

@4. When apiece of coal is burnt in air, it disappears leaving 
behind a little ash. What is the composition of this ash and why 
does it not also disappear? Which constituents of the coal have 
disappeared and how could you prove that they have not been 
destroyed but only changed in form? 

®©5. What is given off and what is left behind when coal is 
{1) completely burnt in an open grate, and (2) heated strongly in a 
closed vessel provided with # delivery tubs? 

*6. How is coal gas prepared? Mention somo of its chief 
propertice, 

®7. Describe how you would prove that (a) coal gas is lighter 
than air, and that (b) it contains carbon and hydrogen, 

#8. Is coal gas an clemont, a compound or a mechanical mix- 
ture? Give the reason for your answer. 

9. What is left behind in the distillation of coal? What besides 
oe is elven off in the process? What are the chief uses of 


#10, What is fire-damp and how are explosions in coal mines 
produced by it? Explain the action of Davy's safety lamp in pre- 
venting explosions. reons who go down a coal mine immediately 
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after an explosion are frequently suffocated. How do you account 
for this? 

#11. When a stream of burning alcohol is poured on a piece of 
wire-gauze, the liquid which passes through does not burn. Give 
an explanation of this phenomenon and mention a useful application 
of the principle it illustrates. 

*12. (ua) Explain the principle of the Davy'x safcty-lamp, and 
(b) draw a picture of it. 

13. 40 grams of marsh gas are to bo completely burnt. Calculate 
the weight of air required for the combustion; also the products 
thus obtained. 


CHAPTER XI. 
FLAME. 


87. A Flame consists of combustible gases raised to 
incandescence by means of chemical action. Hence in any 
case before flame can he produced, (1) the combustible 
body should be converted into vapour, if it is not already 
in the state of vapour; (2) the vapour must be brought 
into an atmosphere with which it can re-act chemically ; 
(3) the ternperature must first reach a certain limit known 
as the point of ignition. 

Note.—The temperature of ignition varies with different bodion, 
Bome like phosphorus take fire at a low tomperature, while others 
like magnesium or fire-damp do so at & high temperature. A flame 
in extinguished, if ite temperature is by any means reduced below 
the point of ignition of the vapours consumed in it. 

88. The Luminosity of the flame.—-(i) Tho light- 
giving property of a flame is not due to the operation of 
any one simple cause. There are three causes which may 
operate, either separately or together. These are :— 


(1) The presence of fine particles of incandescent solid 
matter in tt. The flame of oil or that of coal gas is very 
luminous, because minute particles of solid carbon are 
present in it. The flame of hydrogen is non-luminous, 
because there is no solid matter present in it. The flame, 
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however, becomes bright, if | eaters charcoal or any 
dust is introduced into it. This is clearly seen in the 
lime-light with the oxy-hydrogen flame. 

(2) The density of the flame-gases. The denser a gas is 
the more light it gives. Thus, a candle at the top of a 
high mountain as Mont Blanc gives less light than the 
same candle at the sea level, though the rate of combus- 
tion is the same. 

(3) The increase of temperature of the flame-gases. 
When phosphorus is introduced into chlorine, it sponta- 
neously inflames and burns with a pale greenish flame. 
If, however, the chlorine be previously heated by being 
Pee through a red hot tube and the phosphorus be 
oiling, the combustion Is accompanied by a flame of 
very considerable luminosity. 

(ii) The heat of the flame depends upon the energy 
and rapidity with which chemical action takes place in it. 
This is why the flame of hydrogen is hotter than that of 
coal gas. 

89. Bunsen’s gas burner.—(Fig. 28, Chem. Pr., 
p. 70). This is a gas lamp used to burn coal gas com- 
plotely at once so that it may give out no smoke, but as 
much heat as possible. 

This burner consists of a vertical tube of metal screwed 
to a hollow support. The gus is admitted by a horizontal 
tube also screwed to the support. At the junction, there 
are several holes for the admission of air. The gas passes 
up the tube drawing the air through the holes near the 
bottom, and burns with a hot but non-luminous and per- 
fectly smokeless flame, when kindled at the top. 

If the holes be stopped, the flame becomes bright and 
smoky ; for, the supply of air and consequently of oxygen 
becomes diminished, and the solid particles of carbon are 
not completely oxidized. Thus, it can be also used to illus- 
trate the principle of luminous and non-luminons flames. 
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90. The principal parts of a candle flame. 

1. A black cone in the inside consisting of heated unburnt 
gas given of hy the tick; or an area of 
no combustion. 

Here, the heat of the flame causes 
the solid matter of the candle to 
melt ; the liquid, ascending through 
the wick, is decomposed into com- 
bustible gases such as marsh yas 
and ethylene which constitute the 
dark part of the flame. These hydro- 
carbons are unburnt for want of 
oxygen. 

: Note.--The existence of unburnt gases 
Fig. v0. in the dark cane may be easily shown by 
the following experiments. 

Erpt. 78.—Take a small bent glass tube and bring one end 
of it into the dark conc of the flame; presently yellowish brown 
Yapours will be seen to pass down the tube and issue at the 
otherend. These vapours will be found influinmable and 


nav be lighted. 
Kept. 74.—Lower a piece of wire gauze into the flame of a 


candle so that it is in contact with the dark inner cone, 
Yellowish vapours will pass above the gauze, Light the 
vapours. They will Jurn, shewing that the inner dark cone 
consists of unburnt gases. 

2. An taner bright orluminous zone wherecarbon is separated 
out, light is given off and the conbustion ts incomplete ; or 
an area of incomplete combustion. 

In this part of the flaine, the supply of oxygen being 
insufficient, the hydro-carbon gases formed in the dark 
zone are not all burnt, but are converted into carbon 
mon-oxide and water, together with small quantities of 
carbon dioxide and hydrogen ; while part of the carbon is 
set free in the form of soot. It is these solid particles of 
carbon heated to incandescence that make this part of 
the flame luminous. 
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Note.—This aone is called the reducing flame; for, if an oxide of 
@ metal, for example, litharge (Pb.0.) or tin-stone (SnO,), is 


hoated in it, the carbon present in the flame takes up the oxygen 
and leaves the metal pure. 


3. A blue scarcely visible outer zone or region where the 


combustion is complete and the temperature is highest ; or an 
area of complete combustion. 


This zone being in contact with air, the white hot 
particles of carbon, the hydrogen which escapes combus- 
tion in the luminous zone, and the carbon mon-oxide burn 
away at once into water and carbonic acid gas. Since 
the solid particles of carbon are mostly burnt away and 
the flame-gases are cooled down by the admixture of air, 
this portion of the flame is non-luminous. 


The formation of carbon-dioxide and water can be shewn by 
the lime-water and the cold glass tunbler experiments; tide 


experiments 18,19. The pale blue portion of the flame is due 
to the combustion of hydrogen. 


Note. ---As metals, when heated in this zone, take up oxygen and 
are converted into oxides, this is called the oridi:ing flame. 


N.B.—Besides these three zones, a small bright blue 
region may be noticed at the base of the flame. 


Questions. 


®1. Why doos a candle flame give off so much light, while the 
flame of hydrogen gives so little ? 

#2. Explain why hydrogon gives very little, and coal gas a great 
deal of light, when burnt in the air. Describe an arrangement by 
which the luminosity of the flame of coal gas may be diminished. 
How can tho flame of hydrogen be made brighter ? 

@3. Of how many differont parts does the flame of an ordinary 
candle consist? Mention the substances found and the changes 
taking place in oach. 


‘ ® 4. Explain with the help of a diagram the nature of a candle 
ame. 

5. Doscribe an experiment to show that the substance of a 
taper is turned into vapour before it begins to burn. 


6. Upon what does the luminosity of a fiame depend, and on 
what its heat ? 
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7. If aocurrent of air is blown into the flame of an ordinary 
candle, the famo becomes lesa bright. Why is this? 

8. What part of the candlo flame is called tho reducing flame, 
and what the oxidizing flame? Why? 

9, Sketch and describe Bunsen’s gas burner and show how it 
illustrates the principle of luminous and non-luminous flames. 

10. Ifa piece of cold copper is placed on toa flamo, tho flame 
does not touch it, Why? 


CHAPTER NIT. 
Nitrogen: Symb. N.; At. We. 1d. 


91. Occurrence.—In the free state, nitrogen is pre- 
sent in the atmosphere, of which it forms about four-fifths 
by volume. In combination, nitrogen is found in am- 
monia, nitre, in the flesh of animals, in plants and in 
some food-stuffs. 

92. Preparation.—(i) Nitrogen is chiefly prepared by 
removing oxygen from the air. This is commonly done 
by burning a ie of phosphorus in air, confined over 
water. The phosphorus, in burning, combines with the 
oxygen forming dense white fumes of phosphoric anhy- 
dride. These gradually dissolve in the water and nitrogen 
remains. 

(ii) Nitrogen im a pure state is prepared from the 
atmosphere by passing over red-hot metullic copper 4 
stream of air, freed from carbon di-oxide and water- 
vapour. The air, on passing over the heated copper, 
is deprived of the whole of its oxygen, cupric oxide being 
formed; while the nitrogen passes on and may be 
collected over water in the pneumatic trough. 

93. Properties.—1. Nitrogen is a colourless gas 
without taste or smell. 

2. Itis very slightly soluble in vater. 

3. It is slightly lighter than air, its Sp. Gr. being 0-97. 

4. It does not burn ; nor does it support combustion. 
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5. It is one of the most chemically inert substances 
known, combining directly with only a very few elements 
and that with difficulty. 

Test for Nitrogen.— Nitrogen puts out a burning taper, 
but does not turn lime-water milky. 


ComMPpouNDs oF NITROGEN. 


94. Ammonia (NH,). Ammonia is also called spirits 
of hartshorn; for, it was formerly 
prepared by distilling horns, feathers 
and ivory. It is present in the air, 
being derived from putrefying animal 
matter. 

(i) Preparation. 

Equal parts of slaked lime and 
pal-ammonic (NH, Cl) are mixed 
with water s0 as to make a thick 

ste. When the mixture is gently 
1eated in a flask, the gas is given off 
rapidly and may be collected in dry 
bottles by upward (Fig. 21) displace- 
Fig. 21.—Proparation Ment or over mercury ; while calcium 


of a gas by upward chloride and water are left in the 
displacement of air. flask. 





Bal-ammoniac. Slaked Hme. Ammonia. Calcium Water. 
chloride. 


QN H.Cl + Ca(OH), = 2NH, + CaCl, + 2H,0. 


Note 1.—Ammonia is now usually obtained from the waste liquors 
collected daring the destructive distillation of coal in the manu- 
facture of coal-gas. 

Note 2.—A gas is collected by upward displacement, when it 
is considerably lighter than air. The end of the tube conducting 
the gus is brought into a bottle held mouth downwards. The issu- 
De Eee, being lighter, ascends displacing the air and fills the 

tte, 


_ (i) Properties.—1. Ammonia is a colourless, trans- 
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parent gas, having a powerfully pungent smell and a 
strong caustic taste. 

2. It is a strong stimulant to the nerves, bringing 
tears to the eyes. 

3. It is lighter than air, its Sp. Gr. being 0:59. 

4. It is extremely soluble in water, one volume of 
water at the ordinary temperature dissolving about 800 
volumes of the gas. 

5. It is not a supporter of combustion and does not 
burn in the air, but burns in oxygen or heated air with 
a greenish yellow flame. 

6. It is highly alkaline. 

7. It combines directly with acids, forming salts 
known as ammonium salts. 

Test for Ammonia.—Ammonia may be recognised 
by its smell, alkaline reaction, and by giving dense white 
fumes of ammonium chloride when brought in contact 
with fuining hydrochloric acid. 

Uses.—Ammonia is used (1) as a chemical re-agent, and (2) 
in the liquid form, largely in the manufacture of ice. 

95. Nitric acid. (HNO,). Nitric acid is formed in 
the atmosphere in very small quantities by the flash of 
lightning through moist air. 

(i) Preparation.— Nitric acid is prepared by heating a mixture 
of about equal quantities of nitre (ANO,) and strong sulphuric 
acid in a retort; when, the nitric acid dixtile over and is 
condensed in a flask kept cool in a basin of water. (Fig. 22.) 
Sulphuric Nitric Votassic hydrogen 

acid. acid, sulphate. 

KNO, + H, 50, = HNO, + = KHSO, 
Note. —When strongly heated, the following reaction takes place: 
2KNO, + H, 50, = 2 HNO, + K, 80, 


Thus, for the same quantity of sulphuric acid we get twice as 
much nitric acid. 


Nitre, 
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The acid which is collected is of a yellowish colour owing to 
the partial decomposition of the acid into nitric per-oxide. 





Fig. 22. 


Nitric acid is an article of commercial manufacture. 
In this process, potassium nitrate is replaced by sodium 
nitrate (Nu NO,), as being the cheaper material. 

The reaction in this case is represented thus: 


Chili-saltpetre. Sulphuric Nitric Sodic hydrogen 
acid. acid. sulphate. 


Na NO, + H, SO, = HNO, + Na HSO, 


(it) Properties. —l. Nitric acid, when pure, is a colour- 
less liquid, having a Sp. Gr. of 1:53, and gives off colourless 
fumes when exposed to the air. 

2. When heated or exposed to the sun, it undergoes 
decomposition into oxygen and nitrogen oxides, one of 
which nitric per-oxide (NO,) is coloured. 

3. It is intensely corrosive. When strong, it causes 
ainful wounds in contact with the skin; while in more 
ilute conditions, it stains the skin and other organic 

materials bright yellow. 

4. It is one of the most active chemical substances, 
dissolving all the metals except gold and platinum, and 
acts violently on animal and vegetable matter decompos- 
ing them. 
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5. It is a powerful oxidizing agent, giving up its 
oxygen with ease. Many substances burn up in strong 
nitric acid. Turpentine, when mixed with it, inflames. 


Eept. 75.—Plunge the end of a piece of red-hot charcoal into 
strong fuming nitric acid contained in a wide test-tube. The 
charcoal bursts into flame, combining with oxygen of the acid 
to form carbon dioxide. 

Note 1.--When an acid acts upon a metal, the hydrogen of tho 
acid is gonerally liberated and the metal takes ite place, Whon 
nitric acid acts upon a metal, tho hydrogen evolved combines with 
a part of tho oxygen of the acid to form water and reddixh brown 
fumes of nitrogen peroxide are given off, 


Note 2.--An oxidizing agent is a substance which readily 
transfers its oxygen to othor substances. 

Tests for nitric acid. -Frpt. 76.—Add coppor turnings to 
some Nitric acid; on warming, red furnes will be piven off, 

Erpt. 77.—Add a few drops of nitric acid to a little water 
contained in a test-tube, and then add sume strong sulphuric 
acid, and shake until the liquids are thoronghly mixed. Allow 
this mixture to cool completely, and then pour gently on to the 
surface of the liquid a strong cold solution of ferrous sulphate. 
A black ring will form where the two liquids meet. 


(iii) Uses.-—Nitric acid is used (1) in the manufacture 
of sulphuric acid, (2) in the preparation of nitrates from 
metals, (3) in the Grove's battery to prevent polarization, 
and (4) to engrave upon copper. 

96. Oxides of nitrogen. 

There are five oxides of nitrogen, vit., nitrogen monoxide or 
nitrous oxide N, 0; Nitrogen dioxide or nitric oxide (N, 0, or) 
NO; Nitrogen trioxide N, O,; Nitrogen tetroxide or nitric 
peroxide (NOU, or) NO,; Nitrogen pentoxide N,0,. 

97. Nitrous Oxide (NO). 

(i) It is prepured by heating ammonium nitrate (NH, NO,) 
in a flask and is best collected over warm water. 


(ii) Properties.—!. Ttis a colourless gas, having a faint smell 
and a peculiar sweetish taste. 
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2. When breathed in, it produces a peculiar intoxicating effect 
which shows itself in the form of hysterical laughing. Hence 
it is commonly called laughing gas. 

8. It is somewhat soluble in cold water, and is heavier than 
air, its Sp. Gr. being 1°5. 

4. It supports combustion almost as well as pure oxygen. 
Thus, a red hot splinter of wood is instantly rekindled, when 
plunged into the gas. 

Note. —Nitrous oxide is distinguished from oxygen by the fact 
that, when added to nitric oxide, it does not produce reddish brown 
vapours; whereas, when oxygen is mixed with nitric oxide, coloured 
gases are instantly formed. 


08. Nitrogen di-oxide (N,0, or) NO. 
This is formed when nitric acid acts upon some inetals 
ais Copper. 
Nitric acid. Copper, Copper nitrate. Water. Nitric oxide, 
SHNO, + 3 Cu em 8 Cu (NO,), + 4 HAO 4+ 2 NO. 


Properties.—It is a colourless transparent gas, very sparingly 
soluble in water. When brought in contact with air, it is 
oxidised into reddish brown fumes of nitric peroxide. 


Questions. 


1. Explain how nitrogen is obtained from the air by the use of 
copper turningr Mention its chief properties, 

2. The compounds of nitrogen are not prepared from the nitro- 
gen present in air. Why is this ? 

8. How is ammonia prepared? How much ammonia can be 
obtained from 50 grammes of ammonium chloride ? 

®4.) How is nitric acid prepared? What are its properties? 

Calculate the weight of the re-acting substances we should take, 
in order to get 20 grammes of nitric acid from nitre ? 

*5. Complete the following equations and explain fully their 
meaning : 

KNO, + H,SO,=m 


Na NO, + H,SO,m 
Supposing the compounds represented by the formule KNQ, and 
Na NO, were of the same price, which would be the more economi- 


eal compound to use in the manufacture of nitric acid? Give the 
reasons for your answer. 
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Answer. 
KNO, - H,80, = KHSO, + HNO, 
39 + 14+ 48 +2 + 32 +. 64 oe 39 4 1 + 92 + 64 41 414448 
Senn nen” eal ed Neem y: emma” 
101 O8 136 63 


NaNO, + H,SO, = HNO, + Na HSO, 
23+ 14 + 48424324 Chel Ep ANG Us 4+ 1-4 32 4 64 
een ee all ey ne Semin yee” nen oto heen 

85 98 63 i2u 
From the above equations, it is clear that wo would tse 101 and 
85 parts by weight of potassium nitrate and sodium nitrate roxpect,- 
ively in order to get 63 parts by weight of nitric acid. Therefore 
it would be more economical to use NaNO, ; for by sponding 
85 gre. of it, we can get as much of nitric acid (68 yrs.) as by using 
101 ges, of KNQ,. : 
6. How is nitrogen dioxide prepared ? What takes place when 
it is brought in contact with the air? 
7. Which is called the laughing gas ? Why is it so called? How 
is it prepared, collected and distinguished from oxyyon ? 
4. What takes place when 
#(1) Saltpetre and sulphuric acid are mixed together and 
heated. 
(2) i carbon is plunged into concentrated nitric 
acid. 
(3) Nitric acid is poured upon copper turnings 
(4) Sal-ammoniac is mixod with slaked lime ? 
9 Name the five gxides of nitrogen with which you are 
acquainted and give their composition by weight. 


CHAPTER XIII. 
CLASSIFICATION OF COMPOUNDS. 


99. Oxides, Anhydrides and bases. 

An oride 18 & compound resulting from the combination 
of oxygen with any other element, as, red oxide of meroury 
(HzO); magnetic oxide of iron (Fe,O,); carbon dioxide 
(CO,); sulphur dioxide (SO,); water (H,O). 
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An anhydride is an oxide of a non-metal which, when 
treated with water, furnishes an acid: as, phosphoric 
anhydride (P,O,), carbonic anhydride (CO.,). 

P.O, + 3H,O = 2H,PO, 
N,O, + H,O a 2HNO, 
80, + H,O = H,SO, 
; CO, + H,O = H,CO, 


A base is an oxide of a metal which has the power of 
combining with an acid to form a salt; as, cupric oxide 
(CuO), red oxide of mercury (HgO) ; quick-lime (CaO). 

CuO + H,80, = Cu80, + H,0O 
CaO + H,CO, = CaCO, + H,O. 

100. Hydroxides and Alkalis.—-Hydrozides or hydrates 
ure compounds resulting from the direct or indirect com- 
bination of metallic oxides with water; as, caustic soda 
(NaOH); slaked lime Ca (OH),. Hydroxides are also 
sometimes called bases. 

CaO + H,O a Ca(OH), 
Na,O + H,O om 2 NaOH. 


Alkalis are the soluble bases of the metals sodium, 
potassium, &c. as, KOH; NaOH. They turn red litmus 
solution blue, have the power of neutralizing acids, and 
produce a soapy feeling when rubbed between the fingers. 

Test for Alkalis.—Alkalis turn red litmus paper blue. 

101. Acids.—An acid is a compound of hydrogen, 
which hydrogen can be replaced by a metal; as, hydro- 
ohloric acid (HCl); sulphuric acid (H,SO,); nitric acid 
(HNO,). Acids possess a sharp sour taste, have the 
power of turning blue litmus red, decompose carbonates 
setting free carbonic acid gas, form salts with bases, and 
neutralise alkalis. 

Test for Acids.— Acids turn blue litmus paper red. 


102. Salts.—A salt is the compound formed, when the 
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hydrogen, of an acid is partially or wholly replaced hy 
metals; as zinc sulphate (Zn SO,); calcium chloride 
(CaCl,), common salt (NaCl); potassium hydric sulphate 
(KHSO,). 

Ezpt. 748.—Take a little caustic potash solution in a test-tube 
and add to it a few drops of litmus solution. Then gently 
pour some nitric acid in. The blue litmus solution will turn 
red, because the acid neutralizes the alkali. oil off the liquid 
in a small porcelain dish. A white salt will be left. This ia 
nitre, formed by the chemical combination of nitric acid and 
caustic potash. If after heating the salt strongly, dinsolve a 
little of it in water. The svlution will neither turn red litmus 
blue, nor blue litinus red. Thus, we see that acids neutralize 
alkalis and form neutral salts. 


HNO, + KOH = KNO, + H,O 


Nitric acid caustic potash nitre water 
An acid ; An alkali; A nalt; 

turns blue turns red litmus is neutral; has 

litmus red. blue. no action on litmus, 


Note.-—If all the atoms of hydrogen of an acid are replaced by a 
metal, the salt is called a normal or neulral aalt. This has neither 
an acid nor an alkaline reaction on litmus paper. 

2 HCi + CaO we CaCi, + H,O 
H,S0, © Fe =m Fe80, + 4H, 
Phosphoric Caustic Potassium Water, 

acid, potash. phosphate, 
H,PO, + S3KOH om K,PO, + 8H,0 
HCO, + Na,O =m Na,CO, + H,O 

If the hydrogen of an acid is only partially roplaced by metals, 

the sal¢ thus formed is called an Acid salt. This class of salts has 


an acid reaction. 
KOH + H,50, = H,O + KHB8O, 


Questions. 
1, Define the terms: 
(a) An oxide, s base and an anhydride. 
® (b) An acid, an alkali and a salt? Give examples. 
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#2, What takes place when (a) Potassium is thrown on water. 


(d) aaa pias: is burnt in a bell-jar placed over water 
the white fumes allowed to cool. 
(c) Tho liquids thus obtained are mixed, and then 
evaporated to dryness ? 


3. Calenlate (a) the weight of caustic potash required to 
neutralize 100 lbs. of nitric acid, and (b) the weight of the salt 
thus produced. 

4. What aro the tests for acids and alkalis? 

5. Describe an experimont to show that alkalis neutralize acids. 

6. What takes place when carbon dioxide is successively passed 
into warm solutions of (1) nitre, (2) caustic soda, (3) lime? 


CHAPTER XIV. 
Cannon: Symb. C.; At. Wt. 12. 


103. Occurrence of carbon.-—Carbon exists both free 
and combined in nature. It exists in the free state as 
diamond, graphite and coal. It is found combined, as 
eurbon di-oxide in sir and as carbonates in lime-stone- 
rocks and sea-shells. It is the chief constituent of animal 
and vegetable bodies. 


104. Animal and vegetable matter contain carbon. 


Eept. 19—A piece of meat is cony ‘erted into charcoal, when 
it is partly burnt over a fire. 


Kept. 80.—Pour' some strong sulphuric acid on a lump of 
white sugar; it becomes dark, froths up, and is converted into 
black carbon. 


105. Varieties of carbon, and how they differ. 


(i) Crystalline : { Diamond, 


(Graphite. 
(ii) Amorphous {Coal 
or “ : 
Non-orystalline: (Charcoal. 
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Note.—Graphite can be prepared artificially by dissolving char- 
coal in moiten iron. 

106. General properties of the different forms of 
carbon.—(1) They are tasteless, inodorous and infusible. 
(2) They are insoluble in all known liquids. (3) They are 
not capable of uniting with any element at the ordinary 
temperature. (4) When heated in air, they all pass off 
ae carbon di-oxide. They are all bad conductors of 

eat. 

Carbon is a reducing agent. 

Eapt. 81.—Put some finely powdered oxide of lead (litharge) 
in a hole made in a bit of charcoal and heat it in the luminous 
flame with tho blow-pipe; globules of metallic lead will be 
obtained. 

Lithargo. Carbon, Lead. Carbon di-oxide, 


2PhO+ C cs 2Pb+ COz 


107. Diamond, graphite, and charcoal are chemi- 
cally the same substance.— When any of the three 
forms diamond, graphite, or pure charcoal is burnt in a 
vessel filled with pure oxygen, nothing clse than carbon 
di-oxide is formed. Further, for the same weight of each 
of these three substances the same weight of the gas is 
produced. Thus, 12 parts by weight of graphite, diamond, 
or amorphous carbon, vield 44 parts, by weight of carbon 
di-oxide and nothing else. 


108. Varieties of charcoal.—(a) Wood charcoal is 
prepared by heating heaps of wood without a free supply 
of air. 

(b) Animal charcoal, or bone-black is prepared by 
charring bones in closed iron retorts. It consists of a 
mixture of very porous charcoal and phosphate of lime. 
It is used for decolourizing raw sugar. 


(c) Iamp-black or soot is prepared by burning resin or 
turpentine,—substances rich in carbon, with a limited 
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supply of air and bringing a coo! surface into the flame. 
It 1s used for printer’s ink and for black paint. 


(d) Coke is an impure form of carbon left behind, when 
coal is heated in closed vessels as in the manufacture of 
coal gas. It is largely used in smelting iron. 


Questions, 


*1. What arc the different forms in which free carbon occurs in 
nature, and how do these forms differ from cach othor? In com- 
bination with what other clements does carbon exist in animal and 
vegetable matter, and how do plants obtain their varbon? Mention 
ie other elements which, like carbon, exist free in more than ona 

orm. 

®2. Diamond, black-lead, and charcoal are said to be chomically 
the same substance. How can it be shewn that this is the cane? 

¥. Describe an experiment to show that vegetable matter con- 
tains carbon. 

* 4. By what names are the different varictics of carbon known, 
and how do they differ from one another? How can it be proved 
that they all consist of the same clement ? 

5. How are hee and bone-black prepared? For what 
purpose is cach used?) Fexplain the difference between ' charring 
flesh" and “ burning it completely.” 

6. Deseribe experiments to illustrate the fact that hydrogen and 
carbon are reducing agents. 


CHAPTER XV. 
CHLORINE: Symb. Cl.; At. Wt. 35:5. 


109. Occurrence.---Chlorine is never found free in 
nature. It chiefly occurs in combination with the clement 
sodium, as common or rock salt (Na Cl). 


110. Preparation.-—(i) When a mixture of common 
salt, manganese di-oxide and dilute sulphuric acid is 
heated ina flask provided with a safety funncl and a bent- 
tube, chlorine is given off as a greenish yellow gas and is 
collected in dry bottles hy downward displacement. 
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Sodium Manganese Sulphuric Sodic Hydro- Manganese 
chloride. di-oxzide. acid. gen Sulphate. Sulphate. Water. Chlorine. 


QNaCl + MnO, + 3H,80, == 2NaHSO, + MuS8O, +2H,O +Cl, 





Fig. 23. 
(ii) It may also be prepared by gently heating a mix- 
ture of manganese di-oxide and hydrochloric acid. 


Manganose Hydrochloric Manganese : 
di-orido. acid. chloride. Water. 


MnO; + 4HCl == MnCl, + 2H,0 + Cl 


Note.—In the latter re-action, only half the quantity of the 
chlorine comes off as gas. 
111. Properties.—(1) Chlorine is a dense greenish 
ellow gas with a strong suffocating smell. 
(2) When breathed, it produces coughing and inflam- 
mation of the throat, and sometimes even death. 
(8) It is nearly 2) times as heavy as air, and is there- 
fore collected by downward displacement. 
(4) It is soluble in cold water to a considerable extent, 
one volume of water dissolving three volumes of the gas. 
Hence the gas cannot be prepared over water. The solution 
known as chlorine-water has the smell of the gas. If axposed to 


sunlight, it slowly undergoes decomposition, chiorine combining 
with the hydrogen of the water to form hydrochloric acid and the 


oxygen being set free. 


Chlorine. 
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(5) It is not inflammable but supports the combustion 
of many bodies. 


Erpt. 82.—Plunge a lighted taper into a jar of chlorine. It 
burns with a lurid flame, emitting a dense smoke of carbon and 
forming fumes of hydrochloric acid. 

Eept. 83.—When a piece of dry phosphorus is placed into a 
bottle of chlorine gas, it takes fire and burna with a pale 
greenish flame, while suffocating fumes of phosphoric chloride 
(PCI,) are forined. 


(6) Chlorine has a most powerful affinity for hydrogen 
and for metals in a finely divided state. 


Fept. 84.—Sprinkle a little powdered antimony into a jar of 
chlorine. Sparks of fire are seen and dense, white, suffocating 
fumes of antimony chloride (SbCI,) are formed. 

Kept. 65.—When a strip of blotting paper dipped in warin 
oil of turpentine is plunged into « bottle of Aiarine gas, it 
immediately bursts into flamic, forming hydrochloric acid and 
depositing soot. 

(7) It bleaches vegetable colours when moist, but not 
mineral colours. 

Note. — The bleaching action of chlorine ts aa follows ; On account 
of its strong affinity for hydrogen, chlorine unites: with the hydro- 
gen of the water to form hydrochloric acid, setting free oxygen as @ 
gas. The liberated oxygen combines with the coloaring mattor 
and forms compounds which happen to be colourless. 

The presence of chlorine is detected by (1) its groenish 
yellow colour, (2) by its bleaching action, (3) by the 
sparks of fire seen when antimony powder is sprinkled 
into it. 

Uses. (1) From its energetic chemical union with other 
elements, chlorine ix used as a disinfectant. It readily destroys 
noxious germs and converts offensive gaxes into harmless 
substances. (2) It ix extensively used for bleaching purposes 
in the manufacture of cotton goods and paper, ip calico-printing, 
and in dyeing. 

112. Bleaching Powder.—-This is a compound of 
calcium chloride and calcium bypo-chlorite, having the 
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formula CaCl,O. It is obtained by passing chlorine gas 
through boxes containing slaked lime. 


Ezpt. 86.—Soak the goods to be bleached alternately for 
some time ina solution of bleaching powder and in water 
rendered sour with a little sulphuric acid. The acid sets 
chlorine free which, from its strong attraction for hydrogen, 
decomposes water, liberating oxygen. This nascent oxygen 
combining with the colouring matter bleaches the substance. 


Bleaching powder contains chlorine. 


Eept. 87.—Take a little of the white bleaching powder and 
pour on it a little dilute sulphuric acid; yellow chlorine gas is 
given off at once, which will be found to bleach. 

CaCl,O + H,SO, =CaSO, + H,O+4 Cl. 


118. Hydrochloric acid (HCl).—(i) Preparation: Expt. 
88.—Put a few grains of common salt in a large flask and pour 
over it double the weight of strong sulphuric acid. Hydro. 
chloric wcid gas comes off slowly, but rapidly when heated. The 

s ia collected in dry bottles by downward displacement. The 
iquid acid is only a solution of the gas in water. 


Sulphuric Hydrochloric . 
Sodium chloride. noid: acid. Sodium sulphate. 


2NaCl + H,SO, =: 2QHCl + Na2SQj. 


(ii) Properties.—(1) Hydrochloricacid gas is transparent 
and colourless. (2) It has a pungent irritating smell. (3) 
In contact with moist air, it forms dense fumes. (4) It 
is heavier than air. (5) It is very soluble in water, one 
volume of water dissolving 500 volumes of the gas at 0°C. 
(6) It does not burn, nor does it allow a candle to burn 
in it, 

(iii) Chemical conduct of hydrochloric acid. 

(a) The acid gives up its hydrogen when brought in contact 
with certain metals as zinc, iron, &c., and the chlorine unites 
with the metals to form chlorides. 


Zn + 2HCl = ZnCl), + Hey. 
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(b) In contact with substances like manganese di-oxide 
which readily give up their oxygen, it parts with ita chlorine, 
while the hydrogen combines with oxygen to form water. 


MnO, + 4HCl = MnCh, + 2H30 + Cly. 


(c) When it acts upon metallic oxides such as lime (CaQ), 
magnesia (MgQ) &c., which do not easily give up their oxygen, 
the hydrogen of the acid combines with the oxygen of the oxide 
to form water, while the metals couibine with chlorine to 
form chlorides. 


MgO + 2HCl = MgCl, + H,0. 


(dq) When the acid acts upon a carbonate, carbon di-oxide is 
given off as a gas, while the chloride of the metal is left behind. 


MgCOs + 2HCl == COs + MgCl, + H:20. 


(e) When the acid acts upon sulphides, hydrogen sulphide is 
given off. 


FeS + 2HCl = FeCl, + HS. 


Questions. 


® 1. How is chlorine prepared, and what are its most important 
properties and uses? Express by means of a chemical equation 
the re-actions which take place in its preparation. 

® 2. What non-metallic element can be separated from common: 
salt and how? Describe the properties of this element and mention 
a chemical test by which its presence in common-salt in proved. 

* 3. Name the gaa which is given off when sulphuric acid is 
heated with common salt and black oxide of manganese, and state 
how blue litmus would be affected by an aqueous solution of the 
gas, Ans. The litmus will be blcached. 

4. Describe the changes that take place and the substances 
formed, when 

® (i) Powdered antimony is thrown into a bottle of chlorine. 

(ii) An aqueons solution of chlorine is sil pat to sun-light. 

@ (iii) Common salt is heated with sulphuric acid. 

(iv) Manganeso di-oxide is heated with hydrochloric acid. 


® §& What is bleaching powder and how is it prepared? What 
takes place when sulphuric acid is added to it ? In what manner are 
the two substances mentioned used in the process of bleaching ? 
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* 6 Give the ordinary method of preparation and the chief 
properties of hydrochloric acid. 

7. Explain with equations the chemical action of hydrochloric 
acid upon (a) Carbonates, (b) oxides, and () metals, (d) sulphides, 

8. Calculate the weights of common-salt and oil of vitriol re- 
quired to produce 20 lbs. of hydrochloric acid. 

* 9, Give the distinctive properties of hydrogen, chlorine and 
carbonic acid gas. State how you would collect each of these gases. 

10. Explain clearly the bleaching action of chlorine. 


CHAPTER XVI. 
BuLPHUR: Symb. S.; At. We. 32. 


114. Occurrence.—Sulphur exists both free and com- 
bined. Free, it is chiefly found in volcanic countries 
such as Sicily. Combined, it exists in the form of sul- 
phides and sulphates. It is also found in the white of 
an ogg and in the flesh of animals. 

The chief natura] sulphides are:—Iron pyrites (FeS,), copper 
sulphide (OuS), galena (PbS), cinnabar (HgS), and blende (ZnS.) 

Tho chicf sulphates are gypsum (CaSO,), glauber's salt 
Na, 5O,), Epsom salts (Mg SO,), heavy-spar (Ba SO,), blue-stone 
{c bO,), green vitriol (Fe 8O,), white vitriol (Zn SO,), lead 
sulphate (PbSO,). 

115. Extraction.—The ores of sulphur are burnt in 
heaps, without free access of air; when, part of the sul- 

bur burns and the heat thus furnished melts the remain- 
ing part into what is called crude brimstone. This is 
then refined by distillation. Ifthe vapour gets suddenly 
cooled, it is deposited in the form of a fine powder con- 
sisting of minute crystals, and is called jlowers of sulphur. 
If the vapour is condensed into a liquid and cast in 
moulds, we have roll-sulphur or sulphur-sticks. 

116. Different forms.—Sulphur exists in four allo- 
tropic modifications : 

(i) Rhombic Octahedral Urystale.—This form is found in 
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nature. It is also obtained when a soluticn of flowers of 
sulphur in carbon disulphide is allowed to evaporate. 

(ii) Needle-shaped or Prismatic sulphur.—This form is obtain- 
ed when sulphur is melted and allowed to crystallize. 

(iii) Plastic sulphur.—This is obtained when melted sulphur 
is cooled suddenly by being plunged into water. 

(iv) White amorphous sulphur.—This is obtained by treating 
flowers of sulphur which usually contains abdut 5 % of amor- 
phous sulphur with carbon di-sulphide; when, the rhombio 
variety is dissolved ; the white amorphous substance which is 
insoluble in that liquid is left behind. 

To these may be added Flowers of sulphur and Iioll 
sulphur. 


117. Properties.—-(1) Sulphur or brimstone is a 
yellow brittle solid. 

(2) It is insoluble in wager; but soluble in carbon 
di-sulphide and oil of turpentine. | 

(3) It is highly inflammable, and burns with a pale 
blue flame emitting suffocating vapours of sulphurous 
anhydride (SOx). 

(4) It combines readily with many metals, when hot, 
forming sulphides and giving out much heat in the 
process. 

EBept. 89.—When sulphur is heated in air, it first melts, the 
colour turning browft und dark ; then it becomes very viscous. 
When further heated, it becomes again fluid and finally burna 
with a pale blue flame producing suffocating fumes of sulphur 
di-oxide (SO,). 

Note. —If sulphur is heated in a tube without frea supply of air 
it gives off ycllowish brown vapours of the clement. 

Uses of sulphur. --Sulphur is used (1) in the preparation 
of matches to help the wood to take fire, (2) in the manu- 
facture of gunpowder, (3) in the preparation of sulphuric 
acid, and (4) for fumigation. 

118. Oxides of Sulphur.—Sulphur forma two oxides, 
sulphurous anhydride or sulphur di-oxide (SO,), which 
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when dissolved in water gives sulphurous acid (H,80,), 
and sulphuric anhydride (80,), which furnishes su 
phuric acid (H,SO,) combining with water. 

Sulphur di-ozide.—This is formed when sulphur is 
burnt in air, or in oxygen. It is best prepared by heat- 
ing copper and strong sa oe acid in a flask, and is 
Séllected ih dr? bottles by downward displacement. 


2H, SO, + Cu == CuSO, + 80, + 2H,0. 


Properties : (1) It is a colourless gas having the pungent 
and suffocating smell of burning sulphur. (2) It is 
soluble in water, one volume of water dissolving nearly 
60 volumes of it. (3) Itis neither a combustible substance 
nor a supporter of combustion. (4) It bleaches readily 
in the presence of water, and stops fermentation. 

Usee.—It is extensively used (1) for bleaching wool, silk, 
paper, straw, etc., (2) to preserve liquids which have a tendency 
to undergo fermentation, (3) as u disinfectant, and (4) in the 
manufacture of sulphuric acid. 

Note. — The points of difference between the bleaching action of 
chlorine and that of sulpbur di-oxide :— 

(a) Chlarine bleaches by oxidation. That is, chlorine combines 
with the hydrogen of the water and sets free oxygen. This oxygen, 
combining with the colouring matter, destroys tha colour. 

QCl, + 2H, m= 4HC! +'0, 

Tho dioxide bleaches by reduction. That is, it absorbs oxygen 
from the water to form sulphuric acid and sets free hydrogen. 
This latter combines with the colouring matter and destroys the 
colour forming colourless compounds. 

SO, + 23H, Om H,S0, + H, 

{b) The substances bleached by sulphur di-oxide can be restored 
to their original colour by dipping them in an alkali such as 
ammonia; whereas, in the other case this cannot be. 

119. Sulphuric acid or Oil of Vitriol.—({i) P - 
tion.— Large quantities of sulphur, or iron pyrites (Fe 8.) 
are burnt in furnaces; when, sulphur di-oxide is formed. 
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The oxide thus formed is conducted into large leaden 
chambers where vapours of nitric acid, steam, and air 
are passed. These mixing freely produce sulphuric acid. 

Note. —Like the other acids, it cannot easily be preparod from 
its salts, but it is made exclusively by oxidizing sulphur di-oxide in 
the presence of water. 

‘(i1) Properties: (1) Sulphuric acid isa dense oily-looking 
colourless liquid having a Sp. Gr. of 1-84. (2) It has a 
strong aflinity for water, and produces inuch heat when 
mixed with it. (3) It is intensely caustic and chars 
almost all vegetable and animal substances, on account of 
its attraction for moisture. 

(iii) (ece.—It is used (1) for drying gases ; (2) for the prepa. 
ration of the other acids and sulphates; (3) in sonp-making, 
dyeing, calico-printing and bleaching; and (4) for generating 
electricity in voltaic batteries. 

Note.--A sulphide is a compound of sulphur with any other 
clement ; ax, carbon di-sulphide (CS,), lead sulphide, 

A sulphite is a compound obtained by the action of sulphurous 
acid on a metal or its base; eg., sodium sulphite (Na, 8U,). 

A sulphate is a compound furnished by the action of sulphuric 
acid upon a metal or its base; e.9., blue stune (Cu BO). 

Test for Sulphuric acid.—-Add barium nitrate to it; 
a white precipitate of the insoluble sulphate is formed. 


120 Hydrogen Sulphide (H,5).-—-It is commonly 
called sulphuretted hydrogen. It is prepared by the 
action of dilute sulphuric acid or hydrochloric acid on 
ferrous sulphide (FeS). 

FeS + H,SO, = FeSO, + HS. 
FeS + 2HCI == FeCl + H,8. 


Properties: (1) Hydrogen sulphide is a colourless gas, 
but has the disagreeable smell of rotten eggs and is very 
poisonous, if breathed. 


(2) It is soluble in cold water to a considerable extent. 
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(3) It burns in air with a pale bluish flame forming 
water and sulphur di-oxide, but does not support 
combustion. 

(4) It brings down many metals from solutions of their 
salts in the form of sulphides insoluble in water. 


Tests: (1) Hydrogen sulphide may be detected by its 
smell of rotten eggs. 


(2) When a piece of paper, moistened with a solution 
of lead acotate is held over the gas, the paper is stained 
black. 


121. The distinguishing Properties of the three 
chief acids. 
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BULPHURIC ACID | Nitnmic acip | 
bie ee acip (Mcriatic 
(Oi OF VITRIOL..) | (AQUAFORTIS.) Act.) 
iia iT e etna, a 
Colourless liquid. Colourless liquid. :Colourless gas. 
| 
Sp. Gr. am 1:8. i Sp. Gr, == 1:5, ‘ Soluble in water. 
{ 
Does not fumo in air. ' Fumes in air. ' Fumes in air. 
No action on indigo. ! Bleaches indigo. I No action on indigo. 
Chars organic matter. tor yellow mate | 
ter yellow. 


Dissolves copper when ' i Dinsolves copper: Noaction on copper. 
heated, giving off sul-. without heat,; 
phurdi-oxide and form. giving off reddish | 
ing copper sulphate. rown fumes and 
forming copper 
nitrate. 


Test. Add barium nitrate; | The black ring with | ‘Gives off chlorine 
a white precipitate is| Ferrous sulphate) when heated with 
produced. solution. Expt. 77, ay ald di- 

; oxide. 


xvir.} PHOSPHORUS. 93 


Questions. 


®1. In what forms is sulphur usually met with? Mention some 
of the principal uses to which this elament is put. How may su}- 
pe be made to combine with copper, and what weight of it should 

taken in order that 50 lbs, of copper may be so combined ? 

2. How is sulphur extracted from its ores? Describe carefully 
what takes place when (1) sulphur; (2) iron pyrites aro hoated in 
air. 

3. How is sulphur di-oxide prepared? How does its bleaching 
action differ from that of chlerine ? 

4. Describe how sulphuric acid can be made. What are its 
chief properties? For what purposes is it used? 

5. What is the difference between a sulphide, a sulphite and a 
sulphate? Give the composition of: sulphuretted hydrogen, brim. 
stone, sulpburous acid, heavy spar, blend, and iron pyrites. 

*6. State the following particulars concerning sulphurettod 
hydrogen: (a) its colour; (b) its smell; (c) will it allow a lighted 
candle to burn in it? (d) will it take fire on application of a flame? 
(e) if you were making it, would you try and colluct it ovor water? 


CHAPTER XVII. 
PHOSPHORUS AND SILICON. 
PHosrPHorvus: Symb. 7’.; At. Wt. 31. 


122. Occurrence.—Phosphorus is never found free in 
nature. It occurs combined in the form of phosphates, 
the chief of which is bone-ash or calcium phosphate, 
Cas (PO,)2. It is also met with in the seed of planta. 
There are two varieties of phosphorus, yellow and red. 


123. Preparation.—Phosphorus is chiefly obtained 
from bone-ash, the white porous mass left behind, when 
bones are burnt in air. The ash is treated with sulphurio 
acid, and the substance thus formed is mixed with char- 
coal and strongly heated in a retort; phosphorus distils 
over, and is cast into sticks under colt water. This is 
the ordinary or yellow phospherus. 
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Note.— When bones are heated in closed vessels, it is converted 
into bone or animal charcoal. 

Red Phosphorus is formed when ordinary phosphorus 
is exposed to light, or heated in closed vessels without 
access of air. 

124. Properties and uses. 
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YELLOW PHOBPHORUS. Rep PHospHoruvs. 

(1) is of @ faint yellow colour. is of a dark red colour. 

(2) is @ soft, semi-transparent, | is an opague, powdery sub- 
waxy-looking substance. stance, 


(8) is very active combining! is very inactive. 
eagerly with oxygen, chlo- | 
rino, iodine, etc, 

(4) ia extremely inflammable| is not highly inflammable. 
and takes fire at a low tem- It may heated in the air 
perature of 44°C. Honce it | above 200°C, without taking fire. 
is kept under water. Hence it can be exposed to the 

air without danger. 

(5) ee luminous in the! is not luminous in the dark. 

ark. 

(G) is very poisonous, is not poisonous. 

(7) is not solublo in water, but! is insoluble both in water and 
dissolves in carbon di-sul-; in carbon di-sulphide. 








phide. 
C haa a Sp. Gr. of 1:8. r has a Sp. Gr. of 2:1. 
9) is crystalline. : js amorphous. 
(to) is omployed in the manu-' is used in the manufacture of 
facture of common lucifer . Safety matches. 
matches. 


= Anite nappies ane 
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125. Yellow Phosphorus is very inflammable —Fepi. 
90. Take a bit of yellow phosphorus and wrap it in a piece of 
blotting paper. Then rub it with a hammer on a piece of wood. 
The rubbing will cause the phosphorus to take fire and burn. 


Eapt. 91. Puta bit of dry yellow phosphorus on to an iron 
tray. Next place a bit of red phosphorus of the same size also 
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on the tray. Heat the tray. In a few instants the yellow phos- 
ae will take fire and burn with a bright flame and give off 

ense white fumes. Hut the red phosphorus catches fire and 
burns exactly like the other only after it has beon heated for 
some time. 


126. Preparation of Matches. —1. Ordinary Matches. 
The prepared wooden splints are first dipped in melted 
sulphur and are then tipped with a mixture of yellow 
phosphorus, potassium chlorate, fine sand, lead per-oxide 
and glue. As the red tip of the match contains phos- 
phorus, it takes fire when rubbed on any rough surface, 


2. Safety Matches.—The prepared wooden sticks are 
first dipped in melted sulphur by which they are rendered 
readily inflammable. These are then tipped with a ae 
consisting of potassium chlorate, antimony sulphide, 
powdered glass and gum-water. They are ignited by being 
rubbed on a side of the box covered with a mixture of 
red phosphorus, powdered glass, manganese di-oxide, and 
glue. The tip of the safety match contains no phos- 
phorus, and therefore it does not take fire except when 
rubbed on the prepared side which contains phosphorus, 


Siticon: Symb. Si.; At. Wt. 28. 


127. Occurrence.—Silicon docs not exist free in 
nature. It occurs chiefly in the form of the oxide, silica 
(SiO,), known as sen-sand, quartz or rock-crystal, flint, 
and agate; and in combination with oxygen and several 
of the common metals as silicates. It is prepared by 
separating oxygen from silica, There are two varieties 
of silicon, amorphous and crystalline. 

128. Properties.— Amorphonasilicon isa black powder 
which burns when heated in air or oxygen. Crystallized 
silicon is a brilliant grey substunce. It is very hard being 
capable of scratching glass. It does not burn in air or 
oxygen, even when strongly heated. Both the forms are 
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insoluble in water and in all acids except hydrofluoric 
acid (HF.) 

129. Glass is a double silicate obtained by fusing in 
a hot furnace a mixture either of white sand, lime, and 
soda, or of sand, oxide of lead and potash. 

Varieties of Glass:—1. Crown or window and plate 
glass is made by fusing together white sand, slaked lime 
and soda. It is fusible and is used for chemical apparatus. 


2. Rohemian glass consists of white sand, potash and 
lime. This is not easily fusible. This is employed when 
hard glass is needed for combustion tubes. 


3. Flint glass or crystal is composed of white sand, 
potash, and red lead. It is used for common glass 
articles. 

4. Common bottle glass is composed of white sand, 
soda, lime, iron oxide and alumina. 


Properties of glase.—(1) Glass is a brittle solid, (2) conduct- 
ing heat and electricity badly. (8) In the melted state, it is 
capable of dissolving many oxides, but on that account it does 
not lose its transparency, though it becomes variously cclour- 
ed. (4) It is not acted upon by any acid except by hydroflu- 
oric acid. 


130. Compounds.—1. Quartz (SiO;) is a common 
crystalline form of silica. Rock-crystal is a pure transpa- 
rent variety of quartz and is used under the name of 
Brazilian pebble to form lenses for spectacles . 


2. Sand (SiO,) is largely composed of grains of quartz 
that have been worn more or less round by rubbing. 
Sandstone has been formed by the grains of sand becom- 
ing united under great pressure by some cementing sub- 
stance. 

3. Flint (SiOs) is a dark-coloured, non-crystalline, 
impure variety of silica. 
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4. Clay (Al,Os, 25i0,, 2H,0) is a silicate of alumina. 
So are bricks, pottery, and china which are formed from 
clay. It is plastic and impervious to water. 

Note.—A silicate is a compound of silica with metals. 


Questions. 


1. Which ts the chicf material from which phosphorus is 
prepared and how is it prepared ? 

*2, State how the two varieties of phosphorus differ from each 
other, and describe how cach variety is empleyed in the manufac. 
ture of lucifer matches. 

*3. Describe carefully what takes place when ( » yollow 
phosphorus is exposed to the air and (2) red phosphorus 3# heated 
in air. 

4. What is rock-crystal? Describe an experiment by which 
diamond may be distinguished from rock-crystal. 

Ans. (i) When heated in air diamond loses its lustre, becomes 
black, swells up, and ix finally converted into carbonic acid gas, 
without any residue; but rock-crystal (SiO,) neither loses colour 
nor chanyes its composition, even when burnt in air. 

(ii) Pure diamond ix not at all acted upon by hydrofluoric acid; 
while rock-crystal readily dissolves in the acid. 

5. How is silicon prepared? Mention its chief proporties, 

G. (a) What is glass? Name tho different varictios of glass, and 
atate from what materials each is prepared and to what purpose each 
is used. (b) Name some varictics of silica? What is u silicate? 


CHAPTER XVIII. 
CHEMICAL ACTION AND ITS LAWS. 


131. Kinds of chemical action.—The numerous 
cases of chemical change may be referred to one or other 
of the following modes of action :— 

(i) Combination of entire molecules or formation of a 


compound by synthesis. 
Cu + S = CuS 
CaO + H:0 = Ca(OH)’ 
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(ii) Decomposition or splitting up of a compound mole- 
cule into its elements or into simpler molecules. 


Ca CO; == CaO + CO, 


(iii) Single displacement or decomposition by substi- 
tution. 
Zn + HSO, = ZnSO, + H 


(iv) Double decomposttion.---Two or more molecules 
coming together exchange some of their constituents so 
as to vive rise to the same number, or to a greater 
number of molecules. 

CaCO, + 2HC) me Cal, + HCO, 4 
HCO, me COL 4 EOL 
ie, CaCO, + QHCL ws CaCl, + COD 4 HO. 
Again, 2 NaC) + H SO, = 2HC) + Na,So,. 
VHC 4 MnO, + HYSO, = Mnso,4- Cl, -+ 2H. 


he, @NaCl + MnO,+ 2H 50, Na $0,+ Cl, + Mnso, 4-2H,O 


132. Conditions favourable for chemical change. 

(i) Use of physical aqents.—1. Heat promotes chemical- 
change. 

Ga Q2.—Mix some nitre and charcoal powder together. 
No change will be noticed however long they remain together. 
Heat the mixture. The charcoal will now burn combining with 
the oxygen of the uitre to form: carbon di-oxide. 


2.0 Liyht..-Sunhght helps chemical action. 


Expt, 93.—Mix chlorine andhydrogen together: no chemical 
action takes place in the dark. Expose the mixture to light ; 
the hydrogen and chlorine combine tagether and form hvdro- 
chloric acid, 


3. Electricity aids chemical action. Wide Expt. 22. 


(ii) Close contact.--1. Direet cantact is neecssary for 
chemical change. 
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Arpt. 94.—Keep a piece of phosphorus under water. It 
undergoes no beac change, since contact with air is 
removed, Take it out; it readily takes fire combining with the 
oxygen of the air. 


2. Solution aids chemical change. Vide Expt. 6. 


3. A solid in the state of poteder readily undergoes 
chemical change. 

brpt. 8, --Throw some copper foil into a jar of chlorine; 
no action takes place, Kreak the foil into very tine powder 
and sprinkle the powder into the Jar; sparks of fire are seen. 

Note. -— \~ 1 general cule, chemical change proceads more rapidly 
Ietween aoschd anda diquid, or a solid and a gas than between 
welds, 

Gn) Nitseen? state of elements ts favourable for chemiecn] 
action, 

Keep). 96 -Plece a coloured wet chintz ina bottle of oxygen ; 
tts not bbeewed.  Phice the chintz ina bottle of chlorine : it 
becomes bleached. Chlorine, combining with the hydrogen of 
the water, sets free Oaspens the oxygen, now in the mascent 
~tate, umtes wath the colourtpy matter to fort colourless 
compounds, 

Note. Aneclement ts atid te bon the naerent state, When it is 
nist Tiberated froma a compote (Nascent aa just born), 


Civ) The presen of a catalytic sulitance.—-The presence 
of manganese di-ovide assists the decomposition of potas- 
sium chlorate ata low temperature, 

Note. — The action of sulphrris each Gan Zink or pron ta bred peed by 
the prescnce cf Water, 

(Vv) Ualke nature.--The most unlike substances com- 
bine together most readily. 

wo Tin and lead are more like exch other in their properties 
than oxygen and hydrogen. Thes do not forin any compound, 
differing in essential properties from the original substances. 
But hydrogen and oxygen unite readily to form water whose 
properties are quite different from the component elements. 
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(6) Acids and alkalis are substances most-unlike each other, 
and they readily combine with each other forming salts which 
have quite different properties from either of them. Thus, 
caustic potash is alkaline, and nitric acid is acid; but when 
these two substances are mixed together, they readily combine 
to form nitre, a neutral salt which entirely differs in its proper- 
ties from either of the two substances from which it results. 


(c) Potassium and sodium resemble each other.’ They do 
not form any compound. On the other hand, they have quite 
different properties from water.and they readily combine with it. 

133. The Physical and other changes that ac- 
company chemical changes. 


(1) Heat is felt when chemical union takes place. Vide 
Expt. 16. 


(2) Tight is sometimes giren off. 

When powdered antimony is thrown into a bottle of chlorine 
gas, sparks of fire are seen. 

(3) Electricity is generated. 


In a voltaic cell, electricity is produced by the chemical ac- 
tion of dilute sulphuric acid upon the zine plate. 


(4) Contraction of volume is noticed. Vide § 18 Note. 

(5) Change of state. 

, isa gas. Mercury isa liquid; but when these two 
ane eheminally: we have a solid powder called red oxide of 
mercury. 

(6) Change of physical properties. 

(a) Change of colour.—Carbon is black; sulphur is yellow ; 
but their compound, carbon di-sulphide (CS,) is colourless. 

(b) Smell.—Neither nitrogen nor hydrogen has any smell ; 
but ammonia (NH,), a compound of the two elements has a 
pungent sinell. 

(c) Sometimes poisonous compounds result from altogether 
harmless elements Thus hydrogen, carbon, and nitrogen are 
harmless substances, but hydrocyanic acid, a compound of 
these three is poisonous. 
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134. Characteristics of Chemical Changes.—(1) The 
formation of new products which differ in physical and 
chemical properties from those which enter into the change. 
When phosphorus is burnt in air, it hecomes phosphoric 
anhydride (P3Os). It is neither combustible nor a sup- 
porter of combustion ; but phosphorus is combustible and 
oxygen isa supporter of combustion. Similarly, when 
chalk (CaCQOs) is heated, it is converted into lime (CaO), 
carbon dioxide (CO;) escaping as a gas. Quick-lime has 
a strong attraction for water, while chalk has not. 


(2) 4 thermal effect, cither the evolution ur the absorption 
of heat. When strong sulphuric acid is mixed with water, 
much heat is felt. 


(3) Substances undergoing chemical changes, do so obeying 
certain laws of chemical combination. 


135. The laws of chemical combination.—(1) The 
law by fixed or definite proportion.— The same chemical 
compound alicuys contains the same elementa untted together 
in the same proportions ; in other words, the proportions, i 
which substances unite together, are fired and invariable. 
Thus, water (H,O) always consists of 16 parts, by weight 
of oxygen united with 2 parts by weight of hydrogen. 
Similarly, nitrogem monoxide (N30) is always formed 
by the union of 16 parts by weight of oxygen with 28 
parts by weight of nitrogen and in no other ratio, 


(2) The law of multiple proportions.-When several 
compounds of the aame two elements exist, the numbers 
denoting their proportions by weight are simple multiples of 
their combining weights. 

This law may also be stated as follows:—When an 
element combines with another in) more than one proportwn, 
the differen! weights of one of the elements which unites with 
a constant quantity of the second element bear a simple 
ratio to ome another, (¢., the different higher proportions 
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are always products of the lowest proportion by an 
integer. 
Nitrogen forms 5 compounds with oxen 


N20 Nitrogen monoxide 9% : Lt x 16 
N 202 “5 di-oxide 28 20 16 
N,O, »  tri-oxide - O98 3 x 16 
Na, » — tetr-oxide 28 4 x 16 
N2Qs » ~~ pant-oxide 28 5 x 16 


Kach of the above compounds contains 2S parts by 
weight of nitrogen united with 1 x 16; 2 x 16; 3 x 16; 
4 x 16;5 « 16 parts, by weight of oxygen respectively. 

From this we learn that the relative proportions of 
oxygen in combination with @ constant weight of ni- 
trogen are ws 1: 2.3.4:6. In other words, the weights 
of oxygen contained in the four last of these compounds 
are twice, thrice, four times, and five times that contained 
in the first compound, that is, simple multiples of 16, the 
combining weight of oxygen. 

Furthor, it is uot possible for us to prepare a cor- 
pound containing any intermediate quantity of oxygen, 
or in which a fractional part of 16 is taken. If, for 
instance, we try to combine 28 parts by weight of 
uitrogen with 20 parts by weight of oxygen, we get the 
whole of nitrogen combined with only 16 of the oxygen 
the other 4 parts of oxyyven remaining uncombined. 


The theory. that all atoms are indivisible and of the 
same size but that atoms of different substances are of 
different weights, sufficiently accounts for these laws. 

Reample 1,.--Two elements A and B combine together in 
three different proportions by weight as follows :—A, 58°11 and 
B, 41:89; A, 40°96 and B, 49°04; A, 73°37, and B, 26°68. Do 
these elements in these coinbinations obey the law of combina. 
tion in multiple proportions? 
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In the three combinations, tho proportion of A to B Ia 
4 B A B 


(1) 58-11: 41-69 1: P82 yp oga: ie, 1:2 06 
bail 

(2) 40-96: 59-04 we 1: 278or bta sie 1 1 x 0:96 

(3) 73°37 ; 96-63 ae 1: iar or O86 3 4e, 11 x O38 
tJ Od 


Now, the relative proportions of B which combines with a 
constuut weight of A are an 2: 4: 75 Ce. the different weights of 
bear a simple (not fractional) ratio to one another. Honeo the 
elements obey the law of combination in multiple proportionn. 

Rr. 2.-~A chemical compound has the following percentage 
COWMpPUSILION ; 

[ron 36°84, Sulphur 21°00, Oxygen 42°16 


Find its chemical formula. 

Now the question amounts to this: find the relative numbers of 
iron, of sulphur and of oxygen atoms present in the compound. 
To tind thia we must ascertain how many times the combining 
weight of iron (56) is contained in 36:84, how many times that of 
sulphur (32). in 21:00, and how many times that of oxygen (16) in 
42°16. 

This information ix obtained as below :~- 


Tian oy iy. 4- , 
Iron at aig sz O66; Sulphur A oe 0°66 > Oxygen ie om 2-4, 
ob 32 : 10 


The resulting numbers give the requirud relation of the number 
of atoms, but not expressad in the aimplest ratio in whole oumbers. 
Tu find the latter, the results must be divided by the smallest ; thus :-—-- 


Oty wm 1: Sulphur 0:66 me}; Oxygen ae 


Ores U'UG 
From this we conclude that the compound contains one atom 
ef iron, one of sulphur and four of oxygen. Hence the required 
furmula is FesO,. 


Tron wx: 4, 


Questions. 


® 1. Under what conditions do chemical changes most readily 
take place? rive a few examples. How would you decide whether 
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~ ohenee which a body has undergone is a chemical ora physical 
change 

* 2. Illustrate the statement that '' Chemical combination takes 
place most readily between those bodies which least resemble each 
other.” 

® 8. Chemical changes aro always accompanied by changes of 
other descriptions. Give some illustrations of these changes and 
mention the chemical changes which produce them. 

4. Illustrate that (1) heat is sometimes necessary to start chem- 
ical union; (2) heat is felt when chemical union takes place. 

* 5. Mention some of the phenomena which accompany chem- 
ical changes. Describe an experiment to illustrate your answer. 

® 6. Btate the two most important laws of chemical combination 
and explain them by reference to any compounds of Nitrogen. 

* 7. When several compounds are formed by the same two ele- 
monts, in what proportions do these elements exist in the com- 
pounds? Explain your answer by means of examples. 

® 8. Describe an experiment to show that, when clements com- 
bine, the weights in which they do so are in the ratio of their 
combining weights. 

® 9. Two elements A and B combine together in two different 
proportions by weight as follows: A, 42°86 and B, 57-14; A, 27°27 
and B, 72°78. Do these clements in these combinations obey the 
law of combination in multipla proportions? Give the reasons for 
your answer. 

10. Two elements A and B combine together in three different 
proportions by weight as follows: A, 21°73 and B, 78:27; A, 52°63 
and B, 47°37; A, 35°71 and B, 64°29. Do these clements in these 
combinations obey the law of combination in multiple proportions ? 
Give reasons. ; 

11. A chemical compound has the following percentage com- 
position : — 

Hydrogen 2-04 
Sulphur = 92-65 H: 8: Ome): 32: 16. 
Oxygen = 6531 

Find the formula. 


12. A chemical compound has the following percentage com- 
position. 
Calcium 38-7 
Oxygen 41:3 Ca: O: Pew 40° 16: 32. 
Phosphorus 200 
Find the formula. 
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CHAPTER AIA. 


METALS. *® 
Inon: Symb. Fe.; At. Wh. 56. 


136. Occurrence.—Iron is one of the most widely 
distributed metals. It is present in almost all the rocks. 
I¢ is the most useful metal for man. It exists free in 
meteorites. Pure iron is almost unknown. 

Chief ores: 

1. Specular iron ore or Red hamatite (Fez0s) 
2. agnetic iron ore or Lodestone (e304) 
3. Spathic iron ore or Clay iron stone (FeCO,) 
4. Iron pyrites (KeSy) 
Note,—An ore in a mineral from which a metal can be extracted. 


137. Preparation.---Pure iron is almost unknown. 
It is prepared by heating Red heematite with charcoul in 
large furnaces. The oxygen is got rid off as carbonic acid 
gas apd the metal is left behind. 


2Fe,0; + 3C == 3CO, + 4Fe. 
Note. —When a current of dry hydrogen is passed over red-hot 
iron-rust, pure iron is left behind. 
FeO + H, a Fe + H,O. 


e 

138. Properties.— (1) When pure, iron is of a white 
colour. In dry air and in pure water, it does not lose 
its brilliancy but it rusts in moist air. 

(2) Ata high temperature, it burns readily giving off 
sparks of iron oxide. 

(3) When red-hot, it decomposes steam forining mag- 
netic oxide of iron. 


(4) Itis the hardest and most magnetic of the metals. 
(5) It is soluble in all the common acids. 


+ A metal is an element which has the power to replace the 
hydrogen of acids to form salta. 
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139. Varieties of iron:—(a) Cast iron or pig- 
iron.—(i) Composition.—Cast iron is impure iron con- 
taining 90 to 95° per cent. of iron, 2 to 6 per cent. of 
carbon and a small quantity of silicon, phosphorus and 
sulphur. 


(ii) Preparation.—Specular iron ore is heated with 
limestone and coke in a blast furnace which is so-called, 
hecuuse a blast of air is continually blown in. The iron 
produced collects in the bottom of the furnace and is 
drawn off in the liquid condition. 

Specular tron ore Charcoal Carbon monoxide Iron 
Foe ,0, of 3C = 3sCO + 2Fe 
Note 8. The limestone is udded as a aur, the object of which 


boing to forma fusible substance with thu earthy constituents of 
the ore. 


Note 2.--—If the ore wed is not an oxida, the ore is first calcined, 
thereby water and carbon di-oxide are expelled, and any sulphides 
present are oxidized into sulphur di-oxide. 

(ili) Properties.-~(1) Cast iron melts at a lower temper- 
ature than either wrought iron or steel, (2) It is hard, 
non-clastic, very brittle. (3) It has the valuable Sk erty 
of expanding, when melted and allowed to cool. So ifrun 
into moulds, it takes impressions even of the finest lines. 
Henee the name ‘cas? fron. ‘ 

(iv) Uses. —It is used for making gas and waterpiper, for 
lninp posts, railings, large wheels, heavy stands for machines, 


(6) Wrought iron or Soft iron.—(i) _ 

This is nearly pure iron, but it generally contains about 
0-2 per cent. of carbon. 

(li) Preparation.-—It is obtained from cast iron by 
heating the latter in a special furnace called the puddling 
furnace, where the carbon and other impurities are burnt 
away by currents of air. 


(iii) Properties.—(1) Wrought iron is less fusible than 
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cast iron or stecl. (2) It is tough and not easily broken. 
When broken, it shows a fibrous structure. (3) Tt be- 
comes soft at a low heat; hence picces of it can be forged, 
welded together, and made to assume any shape we 
please ; hence the name terotght tron. 

Note.— Wrought iron, when rolled, is called Bar fron. 

tiv) Uses. —It is used to make nails, horse-shoes, tyres of 
wheels, ships and boilers. 

(-) Steel.-- (i) Composition.--Steel contains less car- 
bon than cast iron, but more than wrought iron. Tn good 
steel, the quantity of carbon varies from 0-7 to 1-7 per cent. 

(11) Preparatim, -(1) Steel is obtained from ieronghe 
iron by heating the latter to redness for some time in 
contact with coal. (2) [tis prepared from: east iron by 
burning out all the carbou and other impurities and then 
adding as much cast iron as is necessary to give carbon 
enough to convert the whole mass into steel. 

(iit) Properties. (1) Steel is malleable like wrought 

iron. (2) When broken aeross, it shows a fine granular 
structure, (43) It becomes very hard and brittle, when 
heated and suddenly cooled. This tits it for making it 
-into cutting tools. (4) When cautiously heated and 
allowed to cvol sldwly, it is rendered elastic. This is 
called anneuling or tempering steel. (5) It can be 
magnetized permanently, 

(iv) Uses. —It is used for making knives, razors, Ac. 

140. Green Vitriol or Ferrous Sulphate (FeSO ,). 

This is one of the more important salts of tron. 

Preparation,-— apt. 97.~Dissolve some iron tilings in dilute 
sulphuric acid; the hydrogen of the acid escapes as aw gak ; 
while ferrous sulphate or green vitriol is formed. Add some 


water and filter the liquor. Then boil down, the clear solution 
and crystals of green vitriol will be formed on cooling. 


Fe + H,SO, = FeSO, + H, 
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Green vitriol is a pale-green crystalline substance, 
soluble in water to a great extent. If exposed to air, it is 
slowly oxidised into ferric sulphate Fe, (SO,)3 and be- 
comes nearly white. It is largely used in the manu- 
facture of writing ink and in dyeing. 


141. Test for iron Salts.— Potassium ferro-cyanide, 
Ky Fe (CN)¢, produces a durk blue (Prussian blue) pre- 
cipitate with iron salts. 

fapt. 98.—Dissolve a littic iron sulphate in water; render 
the solution slightly acid with a few drops of nitric acid, and 
then add a few drops of the solution of potassium ferro-cyanide. 
A Prussian blue precipitate is at once formed. 


ALUMINIUM: Symb. Al.; At. Wt. 27. 


142. Occurrence.— Aluminium is not met with in the 
free state, but occurs in large quantities in many rocks. 
It is contained in clay and alum. 

Preparation.—It is obtained by heating aluminium 
chloride (Al Cls) with metallic sodium. 

2AICls + 3Nazg = GNaCl + 2A. 

143. Properties.—(1) Aluminium is a bright silver- 
white metal. 

(2) It is lighter than most metals in common use, its 
Sp. Gr. being 2-7. 

(3) It does not change in dry or moist air, but when 
aye? heated in the air, it burns forming alumina, 
(Al; Os). 

Note. -—On account of its valuable properties, aluminium is 
slowly taking the place of copper and brass for making household 


144. Compounds.—-Alumina or aluminium oxide, 
‘‘the earth of olay" (Al2Qs). 

This is prepared by burning aluminium in air. It is 
a white amorphous powder and is little acted upon by 
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acids. It is very hard and difficult to melt. The 
hydrated oxide is very largely used in dyeing and calico- 
printing, for fixing colours. 


Note. — Alumina occurs in nature in the crystalline form as ruby, 
sapphire and corundum, Asemery which is powdered corundum, 
it is used for polishing metals. 


Alums are complex compounds of aluminium sulphate 
Al, (SO4) 3 with the sulphates of the alkali metals. 
Alums are white soluble salts, possessing an astringent 
taste. They crystallize readily in’ octahedra and are 
much used in dyeing and printing cotton cloth. 


Felepar (AlO,, K,O, 68102) is a pink coloured crys- 
talline silicate of alumina and potash. 

Clay, porcelain and slate are aluminium silicates. 

Test.— Potassium ferri-cyanide gives a dirty white preca- 
pitate with aluminium salts. 


Questions. 


*1. Mention one of the most important ores of tron and state 
how the metal is obtained from it. In how many different forms in it 
met with? How do they differ from each other in composition and 
properties, and for what purposes is each variety used? Mention 
s liquid which dissolves iron, the substance produced by its action 
and atest by which the presence of iron in the selution inay bo 
recognized. @ 

#2. What new compound is formed when a piece of iron is dis- 
solved in sulphuric actd, and how would you recognise the presence 
of the motal in this compound? Calculate the weight o the 
ao which is obtained by dixsolving 10 lbs, of tron in the 

iquid, 

3. Mention the chief oresof iron with their chemical symbolw, 
and give some of the chief properties of pure iron. 

4. Give the chief properties of the metal aluminium. Calculate 
the weight of the compound formed when 40 grammes of alumi. 
nium is burnt in air. 

©5. Describe the appearance, composition, a method of prepara- 
tion, the properties and the uses of green vitriol, alumina and alum. 
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CHAPTER XX. 
Caucium : Symb. Ca.; At. Wt. 44. 


143. Occurrence.—Calcium does not exist free, but 
occurs in many familiar compounds such as lime, chalk, 
gypsum, coral, bone-ash. Calcium is not easily made. 
When required, it is prepared by decomposing its chloride 
(Ca Clz) by means of electricity. 

146. Properties.—(1) Calcium is a light yellow 
metal which easily oxidizes in air. (2) It aets upon 
water like potassium and sodium but less energetically. 
(3) When heated in air, it) burns with a bright red hight, 
forming quick-lime. . 

147. Compounds. —(i) Caleium Chloride (CaClz). 

Eirpt, 99.---Dissolve chalk or marble in) dilute hydrochloric 
neid; when, carbon-di-oxide escapes as a gas; ealeium chloride 
remains dissolved in water. Evuaporate the solution to dryness, 

CaCO) + 2QHCT -. CaCl, +4 CO, + Ho, 


Calcium chloride is a white porous powder which takes 
up moisture with great cagerness ; hence it is uscd for 
drying gases. It gives a white precipitate of chalk with 
a solution of sodium oarbonate. It dissolves in sulphuric 
aeid giving off fumes of hydrochloric acid. 


CaCl + HASO, = CasOr -- JHC. 


(ii) Calcium carbonate (CaCQ,). This substance 
occurs in several forms, as chalk, Jime-stone, marble, 
coral and oyster-shells. dts chief ervetalline variety is 
eale-spar, Which has the remarkable property of double 
refraction. 

All these forms are insoluble in pure water, but soluble 
in water containing carbon di-oxide in solution, When 
heated, they are all decomposed into carbon di-oxide and 
quick-lime. 

CaCO, = CaO + CO: 


ax. | CALCIUM. Vit 


Note. — Chalk can be precipitated by adding a soluble carbonate to 
solutions of calcium salts; CaCl, + Na,CO, —@ CaCO, 4 2Nath 
It is a white, amorphous substance, soft enough to be scratched 
with the finger-nail. It is used for writing on black. boards. 

Limestone ix hard and amorphous, It ia used in the manufacture 
of lime and cements 

Marble is white, and appears in minute granular ervstuls matted 
together, Tt is so hurd that it can take a high polish [tis used 
for statues, “: 

(iti) Lime, quick-lime or calcium oride (CaO). This ts 
obtained by heating limestone or sea-shells in kilns with 
charcoal; when, carbome acid gas escapes leaving he. 
hind lime. 

It is a white, amorphous, infusible substance, When heated 
bv the oxy-hydrogen fame, it emits a bright light. Pt absorbs 
moisture and carbon-di-oxide from the air. It is, therefore, 
frequently emploved asa drving agent. When te simdl quan 
tity of water is poured upon it, the uake rapidly becomes bot. 
aie stean: ix given off > while the lime swells apeaid ceumbler 
tow soft white dey powder called slaked- dime. [tts alsa used 
te tnunnre in marshy lands, for destroving excess of veretation, 

Gv) Slaked Uae or ealeium hydroxide, CafOH)s. 
When we pour just enough of water upon quick-lime for 
every molecule of dime to combine with ao trolecule of 
water, We get slaked line. 

CaO 3 HO Ca(OH )s. 


Slaked lime is a white amorphous powder sparingly 
soluble in water, When itis shaken up with water so 
as to form a white quid, we have midk of lime which is 
used to whitewash houses. Tt absorbs carbonic acid pias 
readily, forming chalk and water; hence newly built 
walls remain for a long tunes damp. 

ses.—It is used chictly (iin the preparation of mortar and 
cements: (2) to leosen the hair on hides, (3) to rennove the 
impurities from coa) gas, (4) in the preparation of bleaching 
powder, ammonia, alkali soda ; (5) in the manufacture cof glass, 
and (6) to white-wash buildings and to disinfect. 
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(v) Lime-water is a clear solution of slaked lime in 
water. It hasan alkaline reaction. It is used to test 
the presence of carbonic acid, to remove temporary hard- 
ness in water, and as medicine to help digestion. 

(vi) Gypsum, Plaster of Paris, or calcium sulphate 
{Ca 8O,). It is generally found in nature in the crystal- 
line forin. It is precipitated from a solution of calcium 
chloride by means of sulphuric acid. 


CaCl, + HySOs« CaSO, + 2HCI. 


Gypsum is slightly soluble in water, rendering it per- 
manently hard. When it is heated, it loses its water of 
crystallization, and forms a fine white powder called 
Plaster of Paris, which is largely used in making casts, 
and for plastering the interior of hoe The addition of 
gypsum to a soil increases its fertility. Itis, therefore, 
used for manure. 

(vii) Bone-earth, or calcium phosphate, Cas(POs)2 
is obtained when animal bones are calcined in open air. 
It isa white powder slightly soluble in water. From 
this is prepared phosphorus. It is a good fertilizer of 
the soil. 

(viii) Fluor-spar, or calcium fluoride (Ca Fy’. 


Maanesium: Symb. My.; Aft. Wt. 24. 


148. Occurrence.-—Magnesium does not exist free in 
nature, but occurs in large quantities in certain minerals 
and rocks as dolomite (Mg COs), and in sea-water and 
certain mineral springs as magnesium chloride and 
sulphate. 

I ration.—It is prepared by treating the chloride 
(Mg Cl3) with sodium at a high temperature. 


MgCle + Nag = Mg + 2 NaCl. 
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149. Properties.—(1) Magnesium is a soft silver- 
white metal which can be made into wire or ribbon. It 
has a Sp. Gr. of 1:75. 

(2) It does not oxidize in dry air, but is slowly acted 
upon by cold water but rapidly by warm water. 

(3) It is volatile and may be easily distilled at a bright 
red heat. 

(4) When strongly heated in the air, it burns with a 
dazzling white light and leaves behind some white ashy 
powder called Magnesia, while black fumes of the unburnt 
metal and white fumes of the solid oxide escape as soot. 

(5) When steam is passed over the heated metal, it 
is decomposed, magnesia and hydrogen being formed. 

(6) It rapidly dissolves in) sulphuric acid and hydro- 
chloric acid with evolution of hydrogen. 

Ueca.——It is used for making fireworks and signals ; from its 
richness in chemically active rays, its light is curployed as 
a substitute for sun-light for photographing the interior of 
buildings. 

150. Compounds.—(1) Magnesia or magnesium oxide 
(MgO) is a white amorphous infusiblu powder obtained 
by burning a piece of magnesium wire or nbbon in air or 
oxyyen. It has a slightly alkaline reaction, but almost 
insoluble in watef, and unites with acids to form salts. 
It is largely used in medicine. 

(ii) Epsom salts or magnesium sulphate (Mg8Q,). 
This salt derives its name from the springs at Epsom in 
England, which contain this sult largely dissolved in 
them. It is generally obtained by evaporating the spring 
waters that contain it in solution. 


Espt. 100.—Gently heat magnesia, the white ash obtained by 
burning wiagnesium in air, with sulphuric acid; the white 
powder dissolves in the acid Cening magnesium sulphate. 
Then boil down the solution in a dish. On cooling, long 
needle-shaped white crystals of Epsom salts are obtained. 

& 
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Magnesiu. Sulphuric acid. Magnesiom Water. 
Sulphate. 


MgO + H,SO, = MgSO, + 4H,0. 


Epsom salt has a bitter taste and is easily soluble in 
water. It is used as a inild purgative and for washing 
wool. 

Questions. 


1. Give the preparation and the chief properties of calcium and 
magnesium. 

*2. How is lime obtained from chalk? What weight of the 
latter is required in order to obtain from it half a ton of the former ? 
By what tests can lime be distinguished from chalk? 

Ans. The tests are: (2) When hydrochloric acid is poured on 
chalk, an effervescence of carbonic acid gas is noticed. If poured 
on lime, carbonic acid gas is not evolved. 

(t) When chalk is placed in water, it neither dissolves in it, nor 
does any chemical change take place in it, but when water is 
poured on lime, much heat is evolved, slaked lime being formed. 

#3. (Give the chamical name, the component elements, one 
mothod of preparation and uses of the following substances :— 
lupsom salts, slaked-lime, chalk, quick-lime and bone-ash. 

4. Find the weights of calcium chloride and of washing soda 
nocossary to precipitate 60 grammes of chalk. 

® 6, ow are the followmg substances prepared, and what are 
their uses? Lime-water, calcium chloride and magnesia. 

®6. Magnesium is burnt in air and the product dissolved in sul- 
phuric acid. Name all the substances produced, and calculate how 
much of each would be obtained from 10 granuues of the metal. 

7. Complete the equation CaCO, + 2 HC] am 
and hence deduce the woight of the substances that would be 
obtained by completely dissolving 40 Ibs, of chalk in the acid, 


CHAPTER XXI. 
THE ALKALI METALS. 
Sopium: Synb. Na.; At. We. 23. 


451. Occurrence.—Sodium is never found free in 
nature but it ocours chiefly as the chloride (NaCl), and 
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as the nitrate (NaNQs3). It is also present in plants 
growing near, and in, the sea. 

Preparation.—It ix prepared by taking away the oxygen from 
voda (Na,O) by means of electricity. But it is prepared on 
a large scale by heating a mixture of carbonate of soda 
(Na,CO,) and charcoal in su iron retort. The vapour of 
sodium which distils over is condensed and mace to fluw into 
rock-oil. 

Na,CO, 4+ 2C me 8CO | Nay. 

152. Properties.---(1) Sodium is a silver-white metal 
soft enough to be cut with a knife, and bas w Sp. 
Gr. of 0 97. 

(2) It has a preat attraction for oxygen, and oxidizes 
in alr; hence it is kept under rock-oil which contains no 
oxygen. 

(3) It decomposes water in the cold, liberuting hydro- 
ven as a gas and forming alkali soda. 

(4) When beated in air, it first melts at a temperature 
of 97°C. ; then takes fire and burns with a bright yellow 
flame, white fumes of the oxide (NazO) being given off. 

(5) It is a strong reducing agent like curbon and 
hydrogen. 

(sea.—It is largely used to extract the metals aluminiuin and 
magnesium from thtir chlorides. 

153. Compounds..—(i) Soda or sodium oxide (Na,O) 
is prepared by the slow oxidation of sodium in air, or 
burning a piece of sodium in dry air. [t is an unstable 
compound, being easily converted into caustic soda by 
absorbing moisture from the air. It is used in the pre- 
paration of glass. 

(ii) Canstic or alkali soda, sodium hydroxide (NaQH), 
This is obtained (1) by evaporating to dryness the water 
upon which sodium is thrown, (2) by heating sodium 
carbonate with slaked lime in a silver or an iron ve: © 


Na;CO; + Ca(OH), = CaCQ, + 2NaQOH. 
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It is a white solid, soluble in water and is highly 
alkaline and caustic. It has a strong attraction for 
water and carbon di-oxide. Hence it is used for drying 
gases and for absorbing carbon di-oxide. It is also 
largely used in the manufacture of hard soap. 


(iii) Wushing soda, crystals of soda, or sodium car- 
hbonate (Na,CO;). It is also improperly called soda. 
It was formerly obtained from the ashes of sea plants, 
but it ig now sitained by heating a mixture of Glauber’s 
salt, charcoal and chalk. 


CGilauber's Chalk. Char- Sodtuanm Calcium Carbon 
Salt. coal, Carbonate. Sulphide. Monoxide, 


NagSO, + CaCO, + 4C == NaeCO, + CaS + 4CO. 


[t is an effloresccut, white, alkaline substance used in 
softening hard gypsum water, for glass making, soap- 
making, and bleaching. 

iv) Common, table, or rock salt, sodium chloride, 
(NaCl) is obtained (1) from mines as rock salt, and 
(2) from sea water by evaporation. (3) 1t is formed 
when a solution of calcium chloride is mixed with a 
solution of washing soda. 


CaCls: + NagCO; = CaCOs + 2NaCl. 


It crystallizes in colourless and transparent cubes. 
It is used to flavour our food, to prevent decomposition 
of meat, in the preparation of chlorine and its compounds, 
and all other sodium salts. 

(v) Glauber’s salt or sodium sulphate (NagSO,) is 
obtained by heating common salt with sulphuric acid. 
A dense fume of hydrochloric acid is given off and sodium 
sulphate is left behind. 

2NaCl + HaSO, == 2HC! + Na,SO, 


It crystallizes in prisms, and readily parts with its 
water of crystallization crumbling down to powder. It 
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is prepared chiefly to be used in the manufacture of 
sodium carbonate. 

(vi) Chili-saltpetre or sodium nitrate, (NaNOsz). It 
is found in Peru, and is used in the manufacture 
of nitric acid and nitre. and as an ingredient in artificial 
manures. [tis very soluble in water. When exposed to 
the air, the salt absorbs moisture > and on this account, it 
cannot be employed as a substitute for nitve in the manu- 
facture of gunpowder, 

Test for sodium and its salts.—These impart a qolden 
yellow colour to the tlame. 


Porassium : Syub. AL; At We. 8M. 


154. Occurrence. Potassium, hke sodium, if never 
found in the free state. Tt exiats combined in felspar and 
nitre. [t is also contained in the substance of most 
planta, . 

Preparation.-~ Potassium 14 now manufactured by dis- 
tilling a mixture of potashes and charcoal, 


K:CO, -+- 2C ha K; a 3CQ. 


155. Properties. -(1) Potassium ix a silver-white 
metal, soft enough to be cut with a kofe and has a 
Sp. Gr. of O4. 

(2) It has a strong affinity for oxygen. When exposed 
to the air, it slowly oxidizes into potash (KgQ). Hence 
it is kept under rock-oil which has no oxygen. 

(3) It decomposes water with great energy even at 
the ordinary temperature, causing the liberated hydrogen 
to burn. | 

(4) When heated, it melts ata temperature of 52°C., 
and then burns with a rislet flame forming potash, _ 

156. Compounds.- (i) Potash or Potassium oxide 
(K2O) is obtained by the oxidation of potassium in dry 
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air, By exposure to moist air, it is readily converted 
into alkali potash. It is used in the preparation of flint 
and Bohemian glass. 

(ii) Alkali or caustic potash, Potassium hydroxide, 
(KOH) is obtained by mixing potassium carbonate with 
slaked lime in a silver or an iron vessel, 


KalO,, + Ca(OH): == 2KOH + CaCO; 


or by evaporating to dryness the water upon which 
potassium is thrown. 

It is a white solid, soluble in water, highly alkaline 
and powerfully caustic. It has a strong attraction for 
moisture and carbonic acid gas. It is used for drying 
gases, and for absorbing carbon di-oxide, and in the 
manufacture of soft soaps. 


(iii) Potashes or potassiuin carbonate (KgCQs). 


When plants are burnt, the carbonate remains in the 
ash. If the soluble portion of the ash is dissolved and 
evaporated, we got potassium carbonate. 

It is a very soluble salt which, if exposed to the air, 
attracts moisture and soon becomes liquid. It is strong- 
ly alkaline, und is used in the preparation of glass and 
other potassium compounds. 

(iv) Nitre, saltpetre, or potassium. nitrate, (KNQs;). 
This ix found in the form of crystals on the soil of tropi- 
cal countries, such as India. : 

Preparntion.—(1) Refase matter from stables is exposed in 
heaps mixed together with woad-ashes and lime to the action 
of air. The nitrogen contained in the organic matter gets 
gradually oxidized into nitric acid, and this combining with 
lime and potash yields nitre which is separated by washing 
and crystallization. 

(2) Nitre is obtained by decomposing Chili-saltpetre with 
potassium chloride and allowing the ucts to crystallize. 


KCl + NaNO, = KNO, + Nadi. 
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Nitre crystallizes in long rhombic prisms and haa‘’a 
saline taste. It readily dissolves in water. When heat- 
ed, it parts with a third of the oxygen it contains. 


8KNOs = 2KNO, +O. 


It is chiefly used in the preparation of nitric acid, and 
in the faanutashure of gun-powder and fire-works. 

Gun-powder is an intimate mirture of 1 part of sul- 
phur, 2 parts of nitre, and 3 parts of charcoal. The 
chemical change that takes place, when gun-powder is 
exploded, “aay be roughly reprosented thus :-. 


S of. 2KNO; + 3C = 3CQ,; =f N; -{. k,3. 


When gun-powder is heated, the oxygen of the nitre 
combines with the charcoal to form carbon di-oxide, and 
the sulphur with potassiuin to form potassiuin sulphide , 
while nitrogen escapes as gas. 

Note. —Gun-powder can also burn in a place devoid of alr or 
under water, as the burning substance, wis., carbon gota tho naces- 
sary oxygen from nitro of which it contains about 45 per cont. 

(v) Chlorate of potash, or potassium chlorate (KCIO,;) 
is a ike by passing chlorine aa warin and concen: 
trated solution of caustic potash. The reaction may be 
represented thus: , 


3Cly + 6KITO «= KCIO, + SKC! + SHO. 


The chlorate is easily separated from the moro solublu 
ebloride by crystallization. 

It is a crystalline salt sparingly soluble in oold water. 
When heated, it is decomposed into potassium chloride 
and oxygen. Hence it is used in the preparation of 
oxygen. It is also used in the manufacture of lucifer 
matches and in calico printing, as an oxidizing agent. 


Test for Potassium and its salts.— These salts colour 
the fame riolet, 
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157. Soap.—Soaps are the alkali salts produced by 
acids contained in fats. Soap is made by boiling animal 
or vegetable fats or oils with an alkali. 


Ezpt. 101.--Pour half an ounce of castor oi) into a thin porce- 
lain basin with some hot water, and add some caustic soda 
or potash. On boiling the liquor, the oil will all disappear and 
sonp will be formed dissolved in the water. When it has boil- 
ed for some time, throw in a handful of common salt. This 
will dissolve in the water, and drive out the soap, which will 
swim on the surface. When cool, this soap will become a 
white hard solid and may be used for washing purposes. 


Soaps containing soda are hard soaps; potash gives 
soft soaps. 


158. Potassium and Sodium compared. 


(i) Points of similartty.—1. Both are silver white metals. 

2. Both are soft enough to be cut with a knife. 

3. Both rapidly tarnish in the air. Hence they are kept in 
rock-oil. 

4. Roth decompose water at the ordinary temperature. 

5. Both take fire and burn when heated in air. 

6. Both are lighter than water and therefore float in it. 

7. Both are alkali metals. 

8. Both replace the hydrogen of an acid an atom for atom. 
The two are, therefore, monad elements. 

0. Both have similar compounds which are, asa rule, (a) 
white in colour, (4) solable in water, (c) alkaline in reaction. 


(ii) Pointe of disstmilarity.—(1) Potassium burns in air with 
a violet flame, but sodium with a golden vellow flame. 


(2) Potassium, when thrown on cold water, decomposes it 
with sufficient energy to cause the ignition of the hvdrogen 
evolved; whereas, in the case of sodium, the action ix not 
sufficiently energetic to effect the inflammation of the gas 
evolved, unless the water be previously heated. 

(8) The atomic weight of potassium is 80; Lut that of 
sodium is 28. 

(4) Potassium has a Sp. Gr. of O08; while sodium has a Sp. 
Gr. of 0°97. 
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(5) Potassium melts ata temperature of 52°C; while sodiunt 
at 97°C. 
(6) Potassium vields soft soaps, but sodium hard soapy, 


Questions. 


1, Compare and contrast the properties of sodivin and potassiuns. 

®2. How are the following prepared?) Give their properties 
and uses:—Nitre, Glauber's salt, soda, potash, cummon salt, 
chlorate of potash, Potashes, and washing soda. 

*3. What takes place when (a) saltpetre, (1) chlorate of potash. 
(c) sodium, and (ad) potassium are heated in air? 

#4.) (a) Charcoal will burn in the air, bat df it be placed in the 
vessel from which air is excluded it) will not burn. Tf, however, 
some nitre be mixed with the charcoal before it ix placed in the 
vessel, the charcoal can be made to burnin spite of (he excluein 
of the air, Explain clearly whys the charcoal burns i the vee), 
when nitre is mixed with it and not before 

iL) What important use has been made of this power which 
Nitre possesses Of making charcoal burn in spaces destitute of ai? 

5. Calenlate the weight of Chili-naltpetre and of nitre reqiored 
to produce 5 lbs. of nitric acid, 

6, What substances are used a omuaking soap? Gave soinn 
account of the process of its manufecture. 


CHAPTER NATE. 
COrnVER: Syma, ('n. , At, WW. nd. 

159. Occurretice. Copper cecurs free in nature near 
lake Supenor andan Chili. But this more generally got 
from its ores. 

The chief ores are: - 

1 Cuprie salphide, Cn s. 4.0 Capa esade, Cad, 

2. Copper glance. Cus obs Lisihy Cupp’, (ued, 

3.) Copper pyrites, Cu,s Fe,$,,. 

Preparation.- Copper is obtarmed: from the oxtde by 
heating it with chareoal. 

2CnZO ~} C ce 4Cu ~} CO. 
2CnQO ye Come Wu ge COs, 
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Copper is prepared from the sulphide by roasting it in 
air ; the sulphur separates from the ore as sulphur di-oxide 
and the metal is left in the form of an oxide, from which 
pure copper is obtained by. reduction. 

Pure copper may also be obtained by dipping » piece 
of clean iron or sinc into a copper solution, or by passing 
a ourrent of dry hydrogen over heated copper oxide in a 
60. P Cc h, hard metal 

160. Properties.—(1) Copper is a tough, hard meta 
of a reddish colour. om 

(2) It can be drawn into very fine wire, rolled into foil, 
and hammered into leaf. 

(3) Next to silver, it is the best conductor of heat and 
electricity. 

(4) In dry air, it does not change, but when heated in 
the air, it hecomes black forming copper oxide. 

(5) It melts at a red heat and imparts a green colour to 
the flame. 

(6) It readily dissolves in nitric acid forming copper 
nitrate, but neither sulphuric acid nor bydrochloric acid 
acts upon it at the ordinary temperature. 

(Tees. —It is much used for making boilers, vessels, wires, 
and in many alloys such as brass, bronze, Britannia 
metal, and German silver. 

161. Alloys —A'loys are mixtures 6f metals made by 
melting them together. They are largely used in the 
arts, because they are (1) harder, (2) more elastic, and 
(3) more sustble than the constituent metals. 


The chief alloys are :— 

1. Rrase—2 parts of copper and 1 part of zine. 

2. Britannia metal—84 parts of tin, 4 of copper, 10 of 
autimony and 2 of bismuth. 

German silver—Copper, nickel and zinc. 

4. Pewter—38 parts of tin and 1 of lead. 

5. Solder—1 part of tin and 1 of lead. 

6. Type astalt of tin, 75 of lead and 20 of antimony. 
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7. Bronse—Copper and tin. There are several varieties :—~ 
(a) Aluminium Oronse—O0 parts of copper and 10 of aluuil- 
nium. | 

(6) Bell-metal—80 parts of or and 20 of tin. 

(c) Gun-metal—90 parts of pies. and 10 of tin. 

(d) Speculum metal—38 parts of copper and 67 of tin. 

(e) Bronse coinage—95 parts of copper, 4 of tin and 1 of xine. 

Note. — Alloys of tin and lead are all white. Uf an alloy contains 
over 50 per cent. of zinc, it is white; if over 80 per cont. of copper 
it is red or reddish yellow. 

162. Compounds.— (i) Black oride of copper, or cupric 
oxide (CuO) is formed, when copper is heated in the air. 
It isa black powder soluble in acids. It is reduced to 
the metallic state, if hydrogen is passed over it when red- 
hot. It is used in ascertaining the composition of water 
by weight and in the manufacture of green glasa. 

(ii) Blue-stone, blue vitriol, or copper sulphate (Cu8Q,) 
is prepared by boiling metallic copper with oil of vitriol 
diluted with half its bulk of water and evaporating the 
solution to dryness. 


Cu + 2H,SO, = CuSO, + 21120 + SOx. 


It crystallizes in beautiful blue prisms. When 
heated to redness, it loses all its water of crystallization 
and forms a white powder, but again becomes blue when 
dissolved in water. It is a powerful caustic used to burn 
away the fleshy growth in ulcers. It is employed in 
calico-printing and in the preparation of copper pigments. 

(iii) Copper nitrate, Cu(NOs)2 is obtained by dissolving 
copper in nitric acid and evaporating the solution. It is 
a crystalline sult soluble in water. 

163. Tests for Copper.—1. When ammonia is added 
drop by drop to solutions of copper salts, « greenish blue 
precipitate is produced. When excess of ammonia is 
eaded, the precipitate disappears and a deep blue solution 
is formed. 
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2. When the blade of a knife ora piece of zinc is 
dipped into a solution of copper salts, the copper is pre- 
cipitated, the iron or zinc being coated with it. 


Zinc: Symb. Zn.; At. Wt. 65. 


164. Occurrence.—Zinc does not occur free in nature. 
Its chief ore is blende (ZnS). It occurs also as calamine 
( ZnCQs). 

Preparation.—It is generally prepared by roasting blende 
nt a high temperature. The sulphur becomes converted into 
sulphur di-oxide and the zinc into zine oxide. 


2ZnS) + 8O, m 280, + 2@Zn0. 


The oxide is then mixed with charcoal and heated in earthen- 
ware retorts. The metal volatalizes by the heat and the 
vapours are condensed, 


ZnO + Cm Zn + CO, 


165. Properties.--(1) Zinc isa hard bluish white 
metal, showing crystalline structure, when broken across. 

(2) It is brittle at the ordinary temperature, but 
between 100 C. and 150°C. it may be rolledand hammered 
with ease ; whilst, if heated to 200°C., it becomes again 
brittle and may be powdered. 

(3) It does not tarnish in dry air; but when exposed 
to moist air, it tarnishes superficially. 

(4) When heated to redness in air, it takes fire and 
burns with a bright bluish white flaine, forming zine 
oxide. 

(5) When pure, it is searcely attacked by hydro- 
chioric or sulphuric acid, but ordinary commercial zine 
is energetically attacked by these acids as well as by 
nitric acid. 


Usea—Zine is often used (1) as a substitute for lead in 
roofing, (ias the active metal in the voltaic battery, (8) for 
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coating sheet-iron so as to render it less liable to rust, and 
(4) for mixing with other metals to form useful alloys, such as 
brass, German silver, and bronze coinage. 

Note.—Galvanized iron is iron coated witha film of sine by 
dipping it into a bath of molten zinc. 


166. Zinc and Magnesium compared. 


i. Points of similarity.—(1) Both are white metals. 

(2) Both burn when heated in the air. 

(8) Both metals, on burning, leave a white oxide. 

(4) Both do not tarnish in drv air. 

(5) Both decompose water in the state of steam at high 
temperatures. 

(6) Both can be converted into vapour. 

(7) The sulphates of both metals are formed by dissolving 
the metals or their oxides in sulphurie acid. 

(8) dn atom of each metal displaces two atoms of hydrogen 
of an acid to form sults. Hoth are therefore dyad elements. 

H,SO, + Zn =m ZnSO,H, 
H,SO, + Mg = MgSO, /H, 

li. Points of dissimilarity.—(1) Magnesium is u silver white 
inetal, but zinc is a white metal with a bluish tinge. 

(2) Magnesium burns in air more easily than zinc. 

(8) The light emitted by the metuls differs both in colour 
and intensity ; magnesium burns with a bright dazzling white 
light, zine with a bluish white light. 

(4) The combining weight of magnesiuin is 24 and that of 
zine 65. 

(5) Magnesium is lighter than zinc. The former has a Sp. 
Gr. of 1-7 and the latter a Sp Gr. of 7. 

(6) The procens of obtaining magnesium ix costly ; hence 
the metal is costly ; whereas. zine is cheap. 

(7) The compounds of magnesium are nuticrous and abun. 
dant in nature; but there is only one important compound 
of zinc. ; 

(#1 Zine forins useful allova with other ractals, magnesium 
does not. ; ; ; 

167. Compounds.—(i) Zinc vride (ZnQ) is obtained 
in the form of white powder by burning the metal ino 
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current of air. It is insoluble in water but dissolves in 
acids giving rise to the different zinc salts. When heated 
it becomes yellow, but again becomes white on cooling. 
It is used as a paint under the name of zine white. 


(ii) White ritriol or zine sulphate, (ZnSO). When 
zinc is dissolved in dilute sulphuric acid, hydrogen is 
given off and zine sulphate is left behind. The solution 
is then filtered and boiled down. On cooling, white 
prismatic crystals are formed. 

Zine sulphate is a white substance extremely soluble 
in water. If swallowed in large quantities, it produces 
vomiting. It is used in the preparation of certain 
pigments, and as an emetic in medicine. 


Test.— Potassium Ferri-cyanide produces an orange prect- 
pitate with sinc salts on addition of nitric acid. 


Tin: Symb. Suv; At. We. 118. 


168. Occurrence. —Tin does not occur free in nature. 
The chief ore is tin stone (SnQ,). 

Extraction of tn.— Mix some powdered tin-stone with about 
the same quantity of carbonate of soda, put the mixture in a 
hole inade in a bit of charcoal and heat it in the luminous 
flame of the spirit lamp. The oxygen, combining with the 
carbon, escapes as carbonic oxide ; while the inctal is left as « 
white globule. 

SaQO, -+ 2C # Sn 4+ 2C0. 


169. Properties. (1) Tin is a silver-white metal, 
which does not tarnish in air. 

(2) Itis rather soft and very malleable so that it is 
easily beaten out into leaf known as tin-foil; but it is not 
tough enough to be drawn into wire. 

(3) It melts at 230°C. and has a considerable tendency 
to orystallize. 
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(4) When strongly heated in air. it takes fire and 
burns with a white light forming a white amorphous 
powder called stannic oxide (SnO), which is used for 
polishing glass. 

(9) Strong hydrochloric acid dissolves i readily with 
the evolution of hydrogen, forming the chloride of the 
metal. Dilute nitric acid oxidizes it violently. 

Uses.—Tin is used (1) for plating iron to prevent it from 
rusting, (2) for xilvering inirrors, and (8) an a constituent of 
many important wlovs, us Pewter, Sulder, Hritunnia metal, 
Bronze and (ype-metal, 

Note.—The metal tin’ may be recognised by ita leasing the 
insoluble oxide when treated with nitro aesd, 


Test.—Auric chloride (Am Ch preducea ai decg: Pransnan bus 
rceipitute (known as the pocple of Cassiasy with fan eile, 
} } peepee ; 


Leaps Nyah. Pb, it Wt ue, 


170. Occurrence. --Lead does not occur free oun 
nature. Its chief ore is palena (PbS; Tt as also found 
in the form of lead carbonate or white lead (PbCO gs. 

Natraction of leal.-- Galena is pertidly roavted in a furnace 
whereby a portion ef it iq converted into dead oxide (MEY 
and lead sulphate (PUSO4) 


Galena Oxygen lead sulphate 
PLS +4 20); om Vhs, 
Galena Oxygen Lead Ovice Siphur di-oxswe 


2PbS + 80g 0 me AP LO + 2502 
The temperature is then rairsed withdut access of mur. The 
oxide and the sulphate reset upon «a farther portion of the 
~ulphide with formation of metallic lead and evolution of 
sulphur di-oxide. 
Lead oxide  Galens Liaad Sulphur di-oxide 


2Pbo «PLS ww oD. so? 
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Lead sulphate Galena Lead Sulphur di-oxide 
PbSO, + PbS = 2Pbh + 2502 


171. Properties.--(1) Lead is a bluish white metal, 
soft enough to be scratched with the finger-nail. 

(2) When freshly cut, it exhibits a bright metallic 
lustre, but on exposure to moist alr, its bright surface 
becomes quickly covered with a film of the oxide which 
protects the metal from further oxidation. 

8) It leaves a black mark when drawn on paper. 

(4) When heated inthe air, it melts at 330°C. and 
when more strongly heated, it is converted into the 
yellow oxide called litharge. 

(5) Nitric acid attacks lead rapidly forming lead nitrate, 
but sulphuric acid and hydrochloric acid are almost 
without action upon it in the cold. 

Maes. -Lead is extensively used (1) in the construc- 
tion of cisterns, gutters, and pipes for the storage and 
distribution of water, (2) for roofing, (3) for making shots 
and bullets, and (4) in alloys, such as pewter, solder, 
type-metal, &c. 

172. Tin and lead compared. 

i. Pointe of similarity.—-(1) Both are white malleable metals 
with a bluish tinge. 

(2) Thev easily melt when heated and have a tendency to 
ervatallize. ° 

(3) Both are not tough enough to be drawn into wire. 

(4) When heated in air, both are converted into oxides. 

(5) Both form useful allovs with other metals. 

ii, Points of disstmilarity.—(1) Lead leaves a mark when 
alyawn acroxs paper. 

(2) The combining weight of lead is 207 and that of tin 11s. 

(8) When heated in air, lead leaves a yellow oxide, but tin 
a white oxide. 

(4) Lead and its compounds are poisonous. 

(5) Lead is a heavy metal having a Sp. Gr. of 11; while tin 
has a Sp. Gr, of 7. 
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173. Compounds.---(i) Litharge or lead mon-oxide 
(Pb O) is formed when lead is strongly heated in tho atr. 
It is a yellowish powder which fuses at a full red-heat. 
It is slightly soluble in water, and the solution is alkaline. 
It readily dissolves in acids forming the salta of the 
metal. Ut is used in making funible plass. 
(i) Red-lead or mininmn (PbyO,4) is obtained by heating 
litharge toa high temperature in a powerful current of air. 
If red-lead is heated to redness, the absorbed oxygen 
is driven off and litharge ts left behind. [Tt is a scarlet, 
crystalline powder used as a pigment and in the manu- 
facture of flint lass. 


(itt) White lead or lewd carbonate (PhCO,). This 
is prepared by precipitating lead mitrate by an alkaline 
carbonate, 


Ph INO, + KCO), Poca, +. ANOS. 


Iris almost insoluble an water. [tis a heavy amor- 
phous powder used asa white paint. bene the name 
white lead, 

(iV) Chrome- yellow or ijead chrotsates, (PhCrOs), This 
is obtained by mixing a solution of potussium chromate 
(ReCrO,) with ag solution of lead) nitrate or acetate ; 
chrome sellow is precipitated as a yellow powder ; while 
potassium nitrate or acetate rematis in aohition. Tt isan 
insoluble vellow substance used on oid paimting. 

(v) Sugar of leud or lead acetate, PbCCgHWOg), is 
prepared by dissolving beharge in acetic acid (vine ‘MAY ), 
It is a white soluble salt niuch uscd in calico. printing. 

N.B. Black Jead is the common nase for graphite. 
It contains no lead whatever. lt is pure carbon. 

174. Tests.-.1. The compounds of lead. when 
reduced in charcoal, yield white malleable globules of lead 
which leave a mark upon paper when drawn across it. 
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2 Take a solution of any lead salt and add to it some 
solution of potassium chromate. <A yellow precipitate of 
lead chromate will be produced. 


Questions. 


®}. Give the common name and the composition of the most. 
important ore of each of the following metals» :~-Copper, zine, tin, 
iron and lead. Describe a method by which lead may be obtained 
from its ore. 

®2. Give the chemical name, one method of preparation, the 

roportics and the uses of :—litharge, white vitricl, sugar of lead, 
Bins stone, white lead, and chrome yellow. 

3, Distinguish between (a) red Jead, black Jead and white Icad ; 
(>) German silver, quick-silver and silver, (c) an alley [and 
an amalgam 

4. Why are alloys largely used in the arts?) Name the chief 
alloys of copper and tin. 

© 5. Name the compound of copper which is formed when the 
metal is acted upon) by sulphuric acid, and express the changes 
which vecur by an equation, How and in what form can this 
compound be obtained from its solution, and by what tests could 
you recognise the presence of the metal in it? 

Calculate the weight of copper required to produce 10 Tbs, of the 
compound in the manner referred to. 

G, State what takes place, when 

(1) Zine Hlings are heated in air. 
(2) A piece of zine ix phiced in a solution of lead acetate. 
(3) Carbon is heated with black oxide of copper, 

7. Caleulate the weight of copper that can be obtained by the 
complete reduction of 20 Tbs. of cupric oxide. 

® 8. What ia the name and the composition ef the chief ore of 
tin? How is the metal obtained from the ore and for what purpose 
is it used ? 

0 Give the tests for copper, tin and lead. 


CHAPTER ANIL. 


Mercury: Symb. Hy.; At. Wt. 200. 


175. Occurrence.— Mercury is met with in the free 
state in small quantities. It is commonly known as 
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quick-silver. Its the only liquid metal The chief ore 
is Cinnabar (Pi). 

Mereury 1s obtained by ronsting the ore (Figs) in a current 
oftair, The sulphne is oxidized and escapes us sulphur dioxide, 
The vapour ofthe metal is led) into a series of cool chambers 
Where it is condensed, 


Hes + OO, m Hy 4 8, 


iv. Properties. (1) Mercury is a bright silver. 
White quid metal, 

(2) Ut does pot tarnish on exposure to the air. Hf 
Deated toa high temperature, at is slowly converted into 
the red oxide, which at a higher temperature ds again 
decomposed Into its comstintent elements. 

(3) Tt is dosoluble an hydrochlone acid and in cold 
suiphurie acid. but easily dissolves an eblorine and in 
nitric acid, 

(4) Mercury and its compounds are very poisonous, 
but taken in small quantities, some of them serve as 
medicines, 

(9) It dissolves all the metals exeept tron and platinum 
to form amalgauins, 

Note. An amalgam is anuature of mercury with any other metal, 

Vaca. Mercury is used (1) for constructing thermometers 
and barometers, ¢2) forcalvering: qoirrors, (4) for extracting 
silver and gold frome their ores, and cf) for atulgamatiog 
ine plates in the voltaic battery. 

177. Compounds. = Ited oride of merenry, or mereuric 
oxide (HyO) is prepared by submitting mereury to pro- 
longed heating: mp ar, 


It is a cred crystalline powder which, when strongly 
heated, turns black and becomes decomposed into oxygen 
and mercury. Hence it is used fur preparing oxygen 
yas. tis insoluble in water but dissolves in acids. 
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178. Test for mercury and its salts. Drop a bright 
copper piece into a solution of a mercury salt. The 
copper will be coated with a film of mercury which will 
become bright on rubbing. 


Sinven: Symb. Ag.: At. Wet. 108. 


179. Occurrence, -Silver is occasionally found free. 
Its chief ore is silver sulphide (Ag2S). 

Ketraction.---The ore is roasted with common salt in a fur- 
nace; silver chloride (Ag Cl) and sodium sulphide are formed. 

Ag.sS + 2Nal 2QAgC] Nas. 

The silver chloride is shaken up with mereury and scrap-iron, 
the latter combines with chlorine ; while the mercury dissolves 
silver, forming a liquid amalgam. By distilling mercury off, 
metallic silver remains behind, 

180. Properties. (1) Silver is a soft’ white metal 
with a high lustre. 

(2) Itis not acted upon by sir, oxygen, or water at 
the ordinary temperature ; but it becomes black when 
brought near sulphur, a black sulphide being formed. 

(3) It is the best conductor of heat and electricity. 

(4) Next to gold, it is the most malleable and ductile 
metal. 

(5) It dissolves in dilute nitric acid and boiling 
sulphuric acid. 

Ueea.—Silver is used for ornaments, jewels and for coins. 

Note... A littl: copper is added to silver and gold-coins to make 
them hard and thus endure wear and tear, 

131. Compounds.—(i) Silrer nitrate or lunar caustic 
(AgNOy) is obtained by dissolving silver in uoitric acid 
aed evaporating the solution to dryness. 

Ags + 4HNOs = 24gNO; + 2NO, + 2H,0. 


Properties.—(1) Silver nitrate is a white crystalline salt 
which easily dissolves in water. The solution is used to find 
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the presence of coinnion salt in water, as it forms an insoluble 
precipitate of silver chloride. (2) It is powerfully caustic and 
destroys flesh ; hence it is used to cauterize wounds. (8) Like 
other silver salts, it turns black by sunlight, chiefly in the pre- 
sence of organic matter; hence it ix used in photography and 
for making ‘indelible inks" to mark linen goods. (4) Copper, 
zine, and phosphorus, when placed in a solution of silver 
nitrate, separate the silver in crystalline plates. 

(ii) Silver chloride (AgC!) i8 obtained by treating a 
solution of silver nitrate with conmon salt or a soluble 
chloride, and filtering the solution. 

It isa white insoluble salt, but it readily dissolves 
in ammonia, When exposed to sunlight, chiefly in 
the presence of organic matter, it undergoes partial 
decomposition, changing its colour. Hence it is used in 
photography to fix the pictures. 

1X2. Ordinary silver coins contain copper. 

Expt, 102.—Cut a bit of a two-anna piece, put it into a text- 
tube and pour or. it some nitric acid. On warming gently, the 
whole piece will readily dissolve in the acid with the evolution 
of dense reddish brown fuses of nitric peroxide, and a blue 
solution of silver nitrate and copper nitrate will be left behind. 

Now, add to this a solution of common salt. A dense white 
precipitate will be thrown down. This shows that the solution 
contains silver. The chemical change which takes place is 
expressed by the equations, 


AgNOs + NaCl os Ap] 4+ NaNOs 


solu bie. Both soluble. 


jz + 2NaCl ws 2NaNOs + CuClz 
Filter off the white insoluble silver chloride. The blue 
solution will contain all the copper. The presence of copper 
may be shown by dipping a clean blade of a knife into the 
solution; when, red-metallic copper will be déposited. The 
presence of copper may also be proved by the ammonia test. 
"365.1 
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Note 1:.—If the solution is acid, it should be first neutralized by 
an alkali; otherwise, the blade will simply dissolve in the acid, no 
copper being deponited. 

‘Note 2.--The silver may be separated from the precipitate of 
ailver chloride by mixing it with sodium carbonate and heating the 
mixture strongly with the blow-pipe flame in a hole made in a piece 
of charcoal, 

18%. Test for silver cod ita saltse.—Make a solution ofa 
wilver walt. To one portion of it, add some solution of common 
nalt; a white curdy precipitate, soluble in’ auamonia, will be 
produced. If to another portion we add some potassium 
chromate solution, a dark red precipitate will be formed. 
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I84. Occurrence. Gold is always found in the free 
state but enclosed in quartz. 

(i) Properties.- 1. Go'd is a heavy metal possess- 
ing a brilliant yellow colour and high lustre. In thin 
films, it transmits green light. 


2. It is the most malleable of the metals, and can be 
drawn out into fine wire. 


3. It never tarnishes in air or yets stained with 
sulphur like silver. ‘ 


4. [tis not acted upon by any single acid (except sel- 
enic), but dissolves in the presence of free chlorine and in 
nitro-hydrochloric acid known as aqua reyta or royal water. 


(ii) Uees,—-Gold ts used for coinage and jewelry, In the form of 
leaves, it ix used for gilding, 


185. Aqua Regia isa mixture of one part of nitric acid 
and 3 parts of hydrochloric acid, and is so called because 
it dissolves gold, the king of metals. The action of aqra 
regia :—Nitric acid liberates chlorine from hydrochloric 


acid ; this chlorine acts upon gold forming gold chloride 
(AuCl;.) 
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Questions. 


1 Name one of the most important ores of mercury and silver 
and describe the process of extracting the metals from their ores. 

© 2. Give the chiet properties of mercury and magnesium, 

3. What takes place when :— 

(i) Mercury is heated in air. 

di) Silver is left in contact with sulphur 

(ili) A gold-ring is placed in a dish of mercury. 

(iv) Hydrochloric acid is mixed with nitric acid. 

(vi Axsolution of common salt is added toa solution of silve nitrate. 

4. Calculate the weight of the substances formed, (a) when 10 
ges. of mercury is heated, and (4) when the same weight of com. 
mon salt is added to a solution of silver nitrate, 

*5. How will you show that a two-anna piece contains copper? 

G. far Give the chief properties uf silver and gold. 
(b) Of what use is the copper in silver and gold coins ? 
(c) What great advantage has gold over silver in its Uso ag an 

ornament ? 

°7. How are the following substances prepared? Red oxide 
of mercury, chloride of silver, and lunar cauatic. Give their chief 
properties and user. 

®4. Silver chloride is an insoluble and cupric chloride a soluble 
salt. E.xplain clearly how, taking advantage of the above facts, 
the silver conld be separated from the copper in a solution contain- 
ing silver and cupric nitrates. 

Supposing you had succeeded in separating the silver from the 
copper, how would sou proceed to tost for copper 

9. What is aqua regia? Explain its action upon gold. 
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18s6. The elements that are found in the free 
state: 


Non-inetals. Metal: 
(1) Oxygen. (1) Gold. 
(2) Nitrogen. (2) Silver. 
(3) Carbon. (8) Mercury. 
(4) Salphur. (4) Copper. 


(5) Platinuin. 
(6) Iron (very rarely). 


186 
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Note.-—Gold occurs only in the free state. 
187. Elements that oxidize.—({i) By mere exposure 


to air, (or by heat): 
Names of the elements. 


(1) Phosphorus 


(2) Potassium 
(8) Sodium 
(4) Calcium 
(6) Iron 


(ii) biatie heaied envi. 
(1) Sulph nae 
(2) Car 
(8) Silicon 

- (4) Aluminium 
(5) Magnesium 
(6) Copper 


; 


Names of the oxides and their symbols. 


Phosphorus anhydride (P,O,) 
Phosphoric anhydride (P,0;) 
Potash (K,0). 

Soda (Na, 0). 

Quick-lime (CaO). 

Iron oxide (FeQ). 


Sulphur di-oxide (SO,). 
Carbon di-oxide CO,). 
Silica (Si0,). 

Alumina (Al,QO,). 
Magnesia (Mg). 
Cuprie oxide (CuQ). 


(7) Tin Tin oxide (SnO,). 
(8) ine Zinc oxide (ZnQ). 
(9) Lead Litharge (PbO). 
(10) Mercury © Mercuric oxide (Hg0). 
188. Metala which do not tarnish in air. 
Gold, Mercu Tin, 
Silver, Aluminium, Zine, 
Platinum, Magnesium, "Lead. 
189. Occurrence of metais.—(i) Metals whose ores 
are sulphides. 
Metal, Ore, Symbol. 
Tron Iron Pyrites FeS,. 
Lead Galena Pb8. 
Zine Blende Zn8. 
Mercury Cinnaber HgS. 
Co glance CuS. 
Copper {Cape sulphide Cu,S. 
Copper pyrites Cu,8 + Fe,S, 
Bilver Bilver aul hide Ag,8. 
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(ii) Metals whose ores are oxides : 


WoA (Red Hematite Fe,0,,. 
( Lode-stone FesyO,. 

Tin Tin-stone SnQ,. 
(Ruby copper Cu,0. 

Copper (Cuprie oxide Cu. 


190. Properties of metals. --(1) The properties which 
distinguish metals from non- metals. 

(1) Metals have the power to replace the hydrogen of 
acids and form salts. 

(2) They have a shining surface known as the metallic 
lustre. 

(3) They are opaque. 

(4) They are ne conductors of heat and electricity. 

(5) They all appear at the negative pole in’ the 
electrolysis. 

(6) They do not form compounds among themselves. 

(7) They are generally malleable and ductile. 

Note.- Silver is the best conductor of heat and electricity . gold 
is the most malleable metal, and platinum the most ducuile metal. 

(ll) Metals that canhe rolatalized :~-Mercury, zine, mag- 
nesium, potassium and sodium. 

(iii) Colour. -- White ;—Silver, platinum, alutinium, 
iron, mercury, WN, Magnesium, potassium, and sodium. 
Red :—Copper. Yellow: Gold and ealeium. Blutsh :--- 
Zine and lead. 


(iv) Afotale which can take crystalline form: - Zine, tin, 
lead, and copper. 

191. Elements thal hare allotiapte forms. 

1, Oxygen :-—Oxygen and ozone. 

2. Carbon :---Diamond; Graphite; Coal, better charcoal, 

3. Sulphur :—-Octahedral ; Prisinatic; Plastic ; White 

amorphous. 
4. Phosphorus :- Yellow and Red. 
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5. Silicon : --Crystalline ; Amorphous. 


192. (1) Reducing agents :—Carbon, hydrogen, sodium, 
sulphur di-oxide. 

(ii) Oxidizing agents: -Nitric acid, ozone, nitre, potas- 

sium chlorate. 

(iit) Meoreacent salts: Green vitriol, blue vitriol, 
washing soda. 

(iv) Deliquescent salts :—-Potassium carbonate, calcium 
chloride, atinmonitm carbonate. 

(v) Gases that can be prepared by upward displacement : 
Hydrogen, coal yas, ammonia. 

(vi) Gases that are prepared by downward displacement : 
Carbon di-oxide, chlorine, hydrochloric acid gas. 

(vii) Bleaching agents: Chlorine, sulphur di-oxide, 
OZONE. 

(Vili) Drying agents: Sulphuric acid, quick-limne, caus- 
tic potash, calcium chloride. 

(ix) Some crystalline minerals produced in’ the earth by 
erystallization, felspar, heavy-spar, fluor-spar, 
cale-spar, quartz. 

(x) Alkaltes :--Atumonia, caustic potash, caustic soda, 


193 Chemical conduct of Sulphuric acid. 


(1) Aelion on metala—When Sulphuric acid acts upon 
an metal, hydrogen gas is evolved and the Sulphate of the metal 
ix formed. 


An + H,SO, = H, + ZnS, 
Me + H,SO, = H, + MgSO, 
re + H,SO, = H, + FeSO, 


Note..--When the acid acts upon copper. mercury, sulphur or 
eatbon, sulphur di-oxide is evolved. 


S + 3H,SO, = 2H,O 4+ 3880, 
Cu + 2H,SO, = 80, + CuSO, + 2H,0O 
C + 2H,SO, = 380, + CO, + 2H,0O 
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(2) Action on ovicdesr.— When the acid acta upon oxides, the 
hydrogen of the acid unites with the oxvpen of the oxide to 
form water, and the sulphate of the metal is left. 


MgO + H,SO, = MgSO, 4 HO 
An -- HysO, me “ZnSO, + HO 
CaO + THESO, = CaSO, 4 Ho 
(3) Action on alkali. The neid nentralives the  alkadi 
with the formation of water anda sulphate. 
2KOH + H,SO, = K,SO, 4. QH,O 
2NnOH + HYSO, = Na sO, + ZEO 
(4) Action on corbonatea.~ When the acid aete pom carbon. 


ates, carbon di-oside is evolved nnd the sulphate of the repetaal 
iS formed. 


K,CO, + H.SO, <2 CO, 4 KYO, 4 HAO 
CaCO, + H,SO, wm CO, 4 CadsO, f  TEO 
Na,CO, + HUSO, m CO, + Na, 80, 4 HO 
(5) Action on nttrates.~-When the acid acts upon nitrates, 
nitric noid Vapoury are formed. 
KNO, + %W.SO, @— HNO, 4 KHSO, 
NuanO, + H,80, m HNO, 3 NalfSO, 
(6) Action on aulphidesn, Hvdrogen sulphide ix evolved und 
the sulphate of the metal ix formed. 
FeS -+ H,SO, = FeSO, + HS 
CuS + H,S0O, == CuSv, + 4H,s 
(7) Action on chlorules.— Hydrochloric acid gas in evolved; 
while the sulphate of the metal is left. 
CaCl, + HYSO, = CnS8O, + 3HCI 
aNaCl + H,8SO, Na 80, 4+ 2HCI 
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194. Soluble and Insoluble Salts of the same 
Metal. 


Metale. Soluble Salie. Insoluble Salts. 
Calcium. (1) Quick-lime. (1) Chalk. 
(2) Gypsum. (2) Bone-earth. 
(8) Calcium chloride. (8) Fluor-spar. 

Lead. (1) Sugar of lead. (1) Chrome yellow. 
(2) Lead nitrate. (2) White lead. 

Magnesium.  Epsoin Salts. Magnesium carbonates. 

195. Colour of the oxides: 

White. Red. Rlack. Vellor. 
Potash. Mercuric oxide. Cuprie oxide. Tron rust. 
Noda. Cuprous oxide. Manganese. Litharge. 
Magnesia. Red Jead. Dioxide. 

Alumina. Red Hieimatite. Lodestone. 


Quick -lime, 
Zino oxide. 
Tinstone. 

196. Action of metals on water.—(i) Metals which 
decompose water at all temperatures: Potassium, sodium, 
and calcium. 

(ii) Metals which decompose water at high tempera. 
tures: Zine, Magnesium, aluminium, iron and tin. 

(i!) Metals which decompose water with the help of 
an acid: Zine, iron, aluminium and magnesiuin. 

(iv) Metals which do not decompose water under any 
circuinstances ; Copper, gold, silver, mercury and platinum. 

197. Alloys :—Red or yellow.-—Brass and bronze. 
(frey or white. —Pewter, Solder, Britannia metal, German 
silver, and type-metal. 

198. A method of finding the combining weights 
of elements.— Each of the numbers representing the 
combining woighte of elements has been found out by 
experiment, that is, by the analysis of their compounds ; 
thus, when several compounds of oxygen are analysed, 
the smallest proportion of oxygen in any of these com- 
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pounds is tuken as the combining weight of oxygen, e. q., 
when red oxide of mercury is analysed, we find that for 
every 216 parts by weight of the oxide, there are 200 
parts of mercury and 16 of oxygen, In carbon di-oxide 
for every 44 parts by weight of the compound we have 
32 of oxygen and 12 of carbon: in chalk for every 100 
parts, we have 48 parts of oxygen and s0 on. 16 being 
the smallest number denoting the proportion in’ which 
oxygen enters Into chemical combination with a unit 
proportion of any other element, this number is taken as 
the combining weight of oxvgen. So for other clements, 


Questions. 
J. 


®t. Classify the following substances inte elementary and com. 
pound hodies -—Carbonic aad, chlorine, chalk, Chlorate: of potash, 
rock-salt, silicon, cherecal, saltpetre, aminonia, ecditun padena, 
quartz, bone-nsh, silica, Mention the elements of which the com. 
pounds consist. 

© 2. Classify the following snbstances under Che heads (1) elo. 
ments, (2) chemical compounds, or (4) mechanical mixtures, and 
in each case give the reasons for voir classitication ---Coal-gas, sena- 
water, brim-stong, brass, white-lead, quick silver, black-lead quick- 
lime, gun-powder, 

© 4. Name the mst important non-metallic cloments which are 
met with in nature in the combined state onls, alko the most com- 
inon compounds in which they orcur | Mention some of the pro. 
pertivas of each of these elements and state how any two of them 
may be obtained from the compounds which you name, 

@®4 Name the important inctallic elements indicating which do, 
and which donot occur in the free state, Mention what you con. 
sider to be the most important compound of vach element, and 
state anything of importance whieh vou know concerning the com- 
pound sulected. 

#5, Name 5 clements which undergo chemical changes by ex- 
posure to the air at ordinary or at high temperatures. Describe 
briefly all the phenomena which accompany these changes and 
name the producto. 
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* 6. The metallic or non-metallic nature of certain elements can 
he recognized, you are told, by their appearance, What are the 
properties referred to, and how does a knowledge of them enable 
vou to decide whether an clement is a metal or a non-metal ? 


#7, Name the compounds formed and state what you see when 
the following elements are heated in air or oxygen .--- Magnesium, 
Sulphur, Carbon, Sodium, Copper, Phosphorus and Zine, Do the 
compounds thus produced exhibit any points of resemblance or 
difference ? If so, name them. 


Ans. (i) The oxides of carbon, sulphur, sodium, and phosphorus 
ure soluble in water, that of magnesinm 1 sparingly 
soluble ; while those of copper and zinc are insoluble. 


(2) The oxides of carbon, sulphur and phosphorus are acid 
forming ones, Henee they turn blue htmus paper red 
when dissolved in water; that of inagnesinin is slight. 
ly alkaline, that of sodium, strongly alkaline, while 
those of zine and copper are neutral, 


(3) The oxides of the 3 non-metals are gases, while those 
of the others are solids. 


(4) ‘Phe oxide of carbon is colourless, that of copper is black 
while those of the other clement» are white, 


(5) The oxides of sulphur and phosphorus possess a smell : 
and the oxides of carbon and other elements have no 
sinell, 


*k, ¢ Bight gases are shown to vou, riz, oxygen, nitrogen, 
chlorine, carbon monoxide, carbon di-oxide, ammonia, and sulphuret- 
ted hydrogen. State the following particulars conceming each of 
thein, (a) Itx colour, (4) Tes smell. (¢c) Wilit allow a candle to 
burn init?) (ad) Will it take fire on application of a flame, and (e¢) 
if you were making it, would you try and collect it over water ? 


*o. What chemical changes take place when the following sub. 
stances are heated? Chlorate of potash, chalk, gun-powder, red 
oxide of mercury, sulphur, phosphorus and a mixture of salt-petre 
and sulphuric acid. 


® 10. From what inaterials are the following substances prepar- 
0d °—Nitric acid, phosphorns, inte. plate glass, flint glass, chlorine, 
salt-petre and silver chloride, 


“¢ This question xhould be answered as follows, assuming that 
Marsh gas had been asked :-—Marsh gas, (1) Celourless, (4) No 
sanell, (ec) No, (i) Yes, (#) Yes. 
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® 1.0 Give the composition of the follawing substances, nitre, 
slaked lime, diamond, bone ash. glass, red-lead, black lead, solder, 
fel-spar, ruby, spirits of hartsbors, laughing gas, and rock-crystal, 

#12.) Five glass eslinders are given vou containing respectively 
oxygen, hydrogen, nitrogen, carbone acid and AY ee Hew 
would you identify the different gases ? 

18.0 Cauleulate the weight of zine and sulphuric acid required ta 
produce bydrogen sufficient for the complete reduction of $0 Ths of 
cenupric oxide, 

14 What isameant by saving that che combining weight of 
oxygen is 162) How has this number been determined’ 


#14. How can vou show the presence of (fy) carbon in sugar, (2) 
chlorine iu common salt, (3) silverin dunar caustie, (4) copper in 
blac stene. (9) sulphur in puan-powder, (6) lead in litharge 

16. The following substances are given von. What substances 
eould vou prepare from Chen? Comnnton sale, ot of satriol, lunar 
eaustion zine and chalk. Gave equations representing the chemical 
change, 

7. What preaaitions should be taken in the preparation of 
Chiorine, hydrogen, potassium, caustic sodaand phosphorin ? 


I. 


1. Two sainples of water are given to vou, ane dea hard water, 
and the other is distilled water  Desertbe two methods of dintin. 
qMishing: between thean, 

2. Aminonia is classed ag ancalkali whe Name some of the 
sources fram whieh itcan be obtained. and give tts componition, 


3. What names are given to the compeund. which metals for 
with oxygen. with chlorine, and with salphur respectively. Give 
two examples of each, and des obe ther appowrance and character 
Istic properties 

$. State the chief properties of the yas which om evolved when 
copper is heated with sulphurie acid. Crvatallized sulphate of 
copper wus shown to you; describe itsappearance, Metallic copper 
easily separated from the aqueous solution of the salt; how? 

5. Name four of the gases most soluble in water; what happens 
when solutions of these gus, are heated. 

6. Of what substances is the air composed ? How do you know 
that the gases present are merely mixed together and are not com- 
bined in the form of a chemical compound ? 
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7. Draw the apparatus you have seen used in making chlorine ; 
naine the materials required and show how they are used. Describe 
what is seen when phosphorus, turpentine and heated sodium are 
put into chlorine gas, and name the substances which are formed 
in each caso. “ 


8. Name and describe the properties of the metals which may 
be obtained from (a) clay, (b) soda. 


0, What substances are formed when potash and lime are added 
to separate portions of hydrochloric acid and when nitric acid is 
poured upon a two-anna piece ? 


10, What oceurs when nitre is placed in water? If the liquid 
is heated and more nitre added, what happens then? If now the 
liquid is poured off from any solid nitre that may remain and is 
allowed to cool, what ix the result ? 


11. Describe the apparatus for making pure drinkable water from 
son-Water. 


120 What is iren-rust? How is it formed? A piece of iron is 
put into dilute hydrochlone acid, What happens ? 


13. Hiew may soap be prepared? What is the difference in 
chemical composition between shard" and ‘soft soap? Des. 
eribe the action of soap on hard water. 


14. State the characters or simple tests by which you would 
recognise the products of burning carbon, phosphorus, sulphur, and 
iron in Oxygen gas, 

15. What is meant by saving that a solution is saturated 2 How 
would you prove that no loss of weight occurs when a substance ip 
dissolved in water ? 


1G.) What is the composition of lime-stone? Name other sub- 
stances of the same composition, Explain what occurs when lime. 
stone (1) is strongly heated ; (2) is placed in dilute hydrochloric 
acid. 

17. Deseribo with a sketch anv method of showing that burnt 
hydrogen ix water. 


18, You have been told that nitric and hydrochloric acids have 
the properties belonging to acid in general; what are these general 
properties ? 


19, What is the composition of the two principal ores of iron? 
By what process is the metal extracted from these ores? Name 
the chief moditicationa of iron occurring in Commerce. How do 
they differ? 
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Se err eg re 
| 
Name, | Colour Smell 
! 
! H 
| 
Oxygen + | Cotourlens| No smell. 
| 
Hydrogen | do. do. , 
| : 
Steam do, “ do. 
Nitrogen i do. ve do. 
Ammonia (NU)... | do. ..., Puugent... 
| } 
Carbon = di- oxide | do. . Pleasantly 
(COs). | pungent. 
Oarbou mon-oxide | do, ...: Faiut 
(CO). | 
Coal-gas i. do. = Strong ... 
Chlorine | Greenish , ging 
| yellow, | guffocat- 
ing. 
Hydrochloric acid |Colourieas Pungent. 
gas (HC). 

Suiphur di-oxide; do. a Suffocat- 
(30a). | ing. 
ch cance tr ; do. ...| Offensive. 

drogen (H ay | 
Marsh gas ( Hd.. | do. ae No smell, 
Nitrous oxide (N10), do, ..j do... 
Nitric peroxide | Reddish | Suffocat- 
(N39). brown. | ing. 
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APPENDIX B.— 


ee 


Whether soluble. 
| 


os 
1°105 | Slightly 


Ra Gr.(Aire=1) 





| 
zi 0'069 | Very slightly ... 


...1 0622 | Considorably 


| 
“(08 72 Very slightly ... 


me sa . Extremely ase 


| 


| 1°52 | Moderately 























O97 | Slightly ve 
| 0-125 | do. 
245 | Considerably 
| 
| 1°25 | Extremely 
23 do. 
1s | Moderately 
O65 | Very slightly ... 
11:52 | Somewhat ae 
155 | Slightly 


; | 
i | 
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A TARLE OF GASES 


Sie sé 
Bes 435 
= 4a 
az o* =e = How collected. Testa, 
ae ys cz ; 
S252 276 : 
; = Sas 
| 
Yea; bril-' No Over water ..¢ Rekindles a red-hot 
liantly. | aplinter of wood, 
1 Nu ‘Yea; pale Over water, of! Borne with o pale blue 
vluefiame. by upward dis- | flame, forming water only. 
: ‘ placement. 
| No “No .. By upward dias) Ja canily condensed into 
. placement. ‘water by cold. 
'No No _' Over water .. | A taper put out, Hme- 
| water not turned milky. 
' No wi No .. By upward din.’ Turne moist red litmus 
placement or’ paper biae. 
| over Mercury. | 
| No . 1 No . By downward Turns lime.water milky. 
displacement. 
‘No 3 Yea, palo Over water ...' Rmell and the pale blae 
t hlae flame. ' colour of flamo, 
No Yea, bright: do. ..!)6 6 &mell and the laminous 
| flame. | ‘flame. 
; Yes, lurid No | By downward Colour, amell, eparke of 
amoky - displacement. ° fire with antimony powder 
; fame. — 
i No .. No 1 By downward Fumes strongly in the 
| displacement, | pronence of NUs solution 
| No i No sien, do. i Smell of incifer matohes 
l ignited. 
{ No | Yee .... Over mercory or! Smell of rotten eggs. 
tearm water. . 
No : Yea, pale Over water... | 
Yes; bril-- No. ‘ . sver warm water! Bweetish taste. 
Hantly. 
No .' No ' By downward | The reddish brown 


4 displacement. © colour. 
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Common Nate. 


Felapar 
Flint 


Fluor-Spar 


Galena 


Glauber's salts 
Green vitriol 
Gypsum 


Heavy apar 
loe 


Tron ruat 
Irom pvrites 
Iron sulphide 


Lead nitrate 
Lioe or quick-lime 


Lime-atone 
Litharge 


CREMISTRY. 


potaal, 
Silicon di-oxide 


.., Qaleium fluoride 


.. Load aulphida 


. | Sodinm aniphate 
. | Werrona antphate 


Calcium sulphate 


Barinm sulphate 


. Hydrogen monoxide 


Ferrous oxide 


.' Ferric sulphide 
.. Ferrous aulphide 
\ 


.' Plambiec nitrate 
.., Calcium oxide 


Calciom carbonate 


._' Lead monoxide 


Lodertone or magnetic: Peroxide of iron 


oxide of tran. 
Lunar caustic 
Magnesia 
Marble 


Plaster of Paria 


' Silver Nitrate 


...  Magneaiam oxide 


... Calcium earbonate 
Nitre of saltpetre ... 


: Potasaiam nitrate 


.. | Oaleiam sulphate 


Chemical Name. 
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Chemical formula. 


| Silicate of sluminium and | 


Si Qe, 


_. 81 Og 


. i Cn Fe 


| Pbs 


. Nag Bg 


t Fe SO% 
Ca SO%4 


{ 
. | Ba SO4 
| Hy () 


| FeO 
of Fe & 
.. FeS 


i 
| Pb (NOs) 
. Cad 


.'Ca COg 


Pb) 


.t Fey 4 


... Ag NOs 
wt Mg O 


1 


Ca COs 
.. | KE NOs 
sual Ca SU. 


c.] 


a 
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( = Colour. 


! 


' Pinkish 


Dark, dull 
Vouk nog, 
Colourterns, 
wreet oor 
peurgeter, 
Gresinh 
white, 
Colourleas 
Bale preen 
Wiite 


da 
Whats 
Cpagae, 
Brown 
Hrass vollaw 
Dark vellow 
inh grey 
White 
do. 


do, — 
Yellowish... 
Black 
White 

do. 

do. 


do, 
do. 


A 


Whether 


‘ aoluble 


tl Waaler. 


No 
Ne 


No 
No 


Yeu 
Spar: 
ingly 
No 
You 


NO 
Nu 
NG 


You - 

Spar- 
ingety, 

No 

No 

No 


Yes 

Syer- 
ingly. 
No 

Yes ... 
Kpar- | 
ingly. , 


TABLE OF SOLIDS. 


Crystalline or Amorphons. 


Crvatalline - rhombic prism 
Atmorphous 


Crystalline» cabieal shapo 


Crystalline © cubical alape 


Crystalline prismatic 


Civatalline - monosymmetric 


Amorphous 


Cryetallise > rhombic form 
Crvatatiine 


Amorphous powder 
Crvetalline - cubical form 
Amorphous 


Crysataitines 
Amorphous 


Maatic amorphons 
Crastuibne powder 
Hard, amorphous 


Crystalline : rhombic 
Amorphous powder 


Crystalline and granular 
Crystalline ; rhombic prism 
Amorphous 


. > . S 
Wn eres ee ee ee ee ee ma 


sss 


. 
. . 5 2 
eee ee ee. ain 


. . 
- ’ . * 
oe = ra = senna, : a 


. . 
° . . 
fee te ne meee ee 
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| Prepara- 


tion, 
properties, 
; vaca, &e, 


. 108. 


— 
i 


. 06. 


we 
_— 


. 188. 


sS 


. 127, 


— 
ad 


. 116. 
. 107, 
112. 


- 


128, 
42. 


ee 


106, 
» 106, 
7 


cet 


129. 
ill. 


ae 


ves 


. 110. 
, 129. 
106, 


. 182. 
118. 


oe 
Ld 


. 


11. 
118. 
- Lb, 


a9 
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Common Name. 


Petash 
Potashos 


Potassium Ferro 


cyanide. 
Quartz or Rock 
crystal. 
Red Hematite 
Bod lead 


Red oxide of winercury 


Bock-salt 
Buby 

Ruby copper 
Sal-ammoninc 


Sand or ailica 
Sapphire 
Silver chloride 
Slaked lime 
Sinto 


Soda 


Roda, caustic or alkali 


Spathic iron ory 
Specular iron ore 
Sugar of load 


Sulphur, Brimstone .. 


Tin-stone 
White lead 
Washing soda 


White vitriol 
Aino white 


oe ee me 8 
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Chemical Name. 


, Potassium oxide 
me Potassium carbonate 


ey 


Silica or siligon di-oxide. 


= Ferric oxide 
; Per-oxide of lead 
Mercurie oxide 


Sodiua chloride 
Aluminium oxide 


., Cuprous oxide 
., Ammonium ehloride 


Silicon di-oxide 


_ Aluminium oxide 
_ Argentic chloride 
.>» Calerum hydroxide 


Alaminium ailicate 


Sodiam oxide 
Sodium hydroxide 
Ferrous carbonate 


ee Ferrie oxide 
.. Lond acetate 


Sulphur 
Stannioc oxide 
Lead carbonate 


Sodium carbonate 


Zinc suiphate 


... | Line oxide 
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we on _—-_ 


. Chemical formula. 


K20 
K2 COs 
Ky Fe (CN)s 


Si Og 


Fee thy 

Pos 4 
‘Hy O 
Na Cl 
Aly 03 
Cas © 


INH gC 


Si Oe 


oe Aw Cl 


Cu (OM) 
Ala O4, 2 Si Oz... 


Naz 0 oh 
Na OH 
Fe COs 
Fee Os : 
Pb (Ca Hy Oa) 
Sn Os 
, Po COs 


ene 


a , Nag Cady wiry 


.. Zn SOg és 


: Za O oe 


NAB. —(1) The salta of potassiuin, sodinm, ~ wagéeniinn end 
calcium are, as a rule, white. 


c.] 


A TABLE 


OF SOLIDS. 


A TaBLE OF SOLIDS—continued. 


Whether Propa rir. 
Colour. soluble Crystalline or Amorphous es 
in water. ees 
uneom, de. 
White Yes Amorphous - po ie. 
do. You Crvatulline: prismatic pr. TES. 
Yelow 0. Yes. 00 py. LON, 
Colourless .. No Crystalline - hexagonal prismatic po tb 
| Bed No... Amorphous sa Joop. bo, 
 Senrlet No Crystalline, powder .. .  p. 12M, 
Red No do, . Ss (ue al, 
i White You Crystatline: cubieal .. we ph DEG 
' Bed No Cryataltine op. Bote, 
Red No Amorphous Ps Jp pe 2d, 
White Yes Crvatalhine octahedral and op. 72. 
tree- lhe. 
do, J No Mostly crvatalline pe tO 
UT ae _ No Crystalline | pe OO, 
W hits No Amorphous a }. Lagit. 
© da, ... Spar. Amorphous powder op. ad, 
itsgely. 
Wlackish No Hard, amorphons solid showing |p. POW, 
; ee  cloavage. 
White .. Yes ,.., Amorphous powder | P 115. 
do, Yes Hard, porous, wineorphous .y pe 116 
Black Neu Amorphous | p. 10d 
da, . No. Cryatatline. hexagonal ,b. 1Os. 
White . . Yes.) Amorphous oe ip. F2Y 
Yellow No Both crvetuiline and amovphoue |p. BY. 
White No do. ip. 326, 
do. . No Crvetallines powder phe D2. 
White, trans. Yes Crvetalline: monosymmetric, . ip. U16. 
parent, 
White .; Yes ,.. Cryatalline: rhombic priams ...  p, 126. 
de. > No. ... Amorphous us oe Pp. 128, 


ee ee ane 


(2) The salts of potassinm an 


we we + ete wth tee 


Iaucdians are soluble in water. 
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APPENDIX D. 


MADRAS UNIVERSITY QUESTIONS. 
DECEMBER 1898. 


T. You have given vou six glass cylinders, each of which 
contains one of the following pases :--oxygen, air, hydrogen, 
nitrogen, hydrochloric acid, carbon dioxide. How would you 
identify each gas ? 


Tl. Deseribe the appearance and state what you know con- 
cerning the composition and properties of the following sub- 
stances :—washing soda, gypsum, Glauber's salts, oil of vitriol, 
graphite, galena, marble, aluin litharge, sugar of lead. 


HI. How do the properties of pure air differ from those of 
its components, and the properties of steam froin those of its 
components? How do you account for the difference ? 


1V. You have given you a powder consisting of charcoal 
and saltpetre. How would you separate the two substances 
from the mixture, aad obtain both in the pure state? What 
would be the result of heating the powder? 

V. Make a sketch, oceupying a whole sheet of your answer 
paper, of the apparatus you have seen used to prove the com- 
position of water by passing dry hydrogen over heated copper 
oxide, and describe how the operation is performed. 


From the following results of an expesiment. calculate the 
percentage composition of water by weight :— 


Weight of tube and copper oxide, before 
the experiment... sae a 
Weight of tube and copper, after the ex- 
periment ... cr Sis .- 66°82 ‘i 
Weight of tube for absorbing the water 
formed, before experimen’... . = 5S5O 
Weight ot same tube, after experiment... 56176 ,, 


67°42 grins. 


VI, Describe the appearance nnd properties of magnesium 
and of the ash formed when the metal is burnt in air. Is the 
Magnesium contained in the ash or the ash in the magnesiuip ? 
Give reasuns for your answer. 
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VII. Write an equation for the change which takes place 
when a mixture of potassinin chlorate and carbon in heated, 
and calculate the weight of the chlorate required to oxidise 10 
grammes of carbon tu carbon dioxide. 


K: Cl: Cs O cs= 80: 99°45: 19: 18, 


FEBRUARY 1889 
(Re EXAMINATION), 


I. Mention the conmon metiuls and allove vou have seen 
which are white, or nearly white, in colour, Tn the case of the 
metus, describe any situpl tests by which they can be dis. 
tinguished from each other. 

If. The following experiments are performed :—(1) a piece 
of phosphorus is burnt in a bell-yar coutaining sar, placed in a 
shallow vessel full of water, and after the combustion is tintinh- 
ed the apparatus is allowed to stand for some time, (2) a 
piece of sodium is placed on the surface of hot water coutained 
ina vessel Desernbe accurately what is observed to take 
place, and what properties have been acquired by the water, 
In each cause. 

Jil. Nitrie acid is an oxidising agent. Describe any ex- 
pernnent you have seen performed which ilowtretes ita oxidin- 
ing action. How would von prenare the acid from saltpetre ? 
Write an equation for the chemical change by which it is 
produced 

IV. Red oxideeof mercury is heated 1) alone, (2) with 
earbon, (8) with hydrogen. What products are formed, and 
what weight of each would be obtained from 10 gramines of 
the oxide ? 

V. You are provided with some sulphuric acid, copper, 
zine, and marble: what gases can sou prepare from there 
materials?) Describe the properties of the gases, and state 
how they can be aeons d froin each other. 

VI. Deseribe what cou have seen to take place when a 
burning candle is oroucht into jars containing the following 

ages ;—nitrogen, oxygen, hydrogen, chlorine, carbon dioxide. 
xplain the cause of the effects observed in each cane. 


H: C: O: Hg m1: 12: 16: 200. 
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DECEMBER 1899. 
I. (1) What is lime-water, and how is it mede ? 

(2) What chemicsul and physical changes take place 
when carbon di-oxide is passed through lime-water for some 
time ? 

(8) Toa specimen of water, lime-water and caustic 
potash are separately added, and both produce a white precipi- 
tate. With another specimen, lime-water gives the precipitate, 
but caustic potash does not. What inferences may be drawn 
from these observations regarding the substances present in 
each sample of water ? 


Ans. (1) Hard chalk water, (2) Water containing carbon 
dioxide in solution. £63. 

Il. State, without yiving experimental details :— 

(1) how the volume and the weight of oxygen which 
combines with unit volume and weight of hvdrogen to form 
water can be ascertained ; 

(2) how, from these numbers, the relative densities of 
the two guses may be calculated. 

TIT. (1) Mention all the substances: produced when common 
ball, Inanyanexe di-oxide, and sulohuric acid are mixed, 

(2) Account for the fact that chlorine is evolved when 
aulphurie acid is added to amixture of the other two sub- 
dtances, whereax, when it is added to each separately, no 
chlorine is evolved. . 

IV. You are required to prepare, and to collect by displace- 
ment of air, a glass cviinder fullof hydrogen and another of 
carbon di-oxide = Make sketches, each drawing occupying one 
sheet of your anawer paper, of the apparatus you would employ 
in preparing each gas. 

VV. Explain why, when phosphorus is burnt in a vessel con- 
taining air inverted over water, both the volume and the 
weight of the air are greatly diminished; but when charcoal is 
burnt, the volume ia only slightly diminished and the weight 
is increased. 

Aus. White fumes of Phosphoric Anhydride take the place 
ofthe oxygen in air. The fumes completely dissolve in the 
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water and in consequence the volume and the weight of the air 
are yreatly diminisned, In the second case, carbonic acid gas 
takes the place of the oxygen. But it is only slightly soluble 
in water, Hence the volume is only slightly diminished. A 
given volume of carbon di-oaide weighs 14 times ag much as 
the same volume of oxygen. Hence the weight of air after 
combusticn is increased. 

VE. Caleulate the weight in graummes of zine which must 
be dissolved in sulphurie acid in order to obtain sutheient 
hi drogen to vield on burning 10 yramimes of water, 

Vil. A compound has the following percentage conmpori- 
tion :-— 


Potussiui oz ONT 
Hydrogen ea (8 
Sulphur wae VIE 
Oxygen an $7 °() 
100-0 


What is its formula and mame? 
WT: O: Ki S: Zn = 1: 18: BA: 82: Gh. 


MARCHE 1899, 
e (RE-EXAMINATION, ) 


I. Deseribe any experiments you hare aeen performed 
which prove :-- 
(1) that the proportion of earbonie acid in’ ordinary air 
i# Very ximall ; 
(2) that the proportion in expired air ia much larger ; 
(3) that plants decompose carbonic acid and liberate 
the oxygen it contains. 
II. (ly) Distinguish between the burning of coal” and 
the " distillation of coal." 
(2) Enumerate the substances which are given off and 
left behind in each case, and state of what they « 
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IFT. (1) Make asketch of a candle flame, not less than 
actual size. 


(2) Describe the appearance of each part of region of 
the flame. 


(3) State what is taking place in each part of the flame. 


(4) By what experiments can it be shown that the 
changes are actually taking place ? 

IY. You are given two bottles, one containing washing soda 
dissolved in water, the other, alum dissolved in water. De- 
scribe :— 

(1) the appearance of each solution ; 
(2) how you could identify the substance in each 
solution without applying chemical tests. 

V. Aine and magnesium resemble each other in certain 
respects and differ in others. Mention all the points of resem. 
blance and difference with which you are acquainted. 


VI. Write the following names of substances in a colunin, 
and, in parallel columns, write opposite to each subseance, 
(1) its constituents ; (2) its appearance and any other property 
it possesses which you have observed :— 


bone earth, antimony, 
alens, sugar of lead, 

tiGinias. blende, 

bleaching powder, flint, 

green vitriol, gypsum. 


DECEMBER 1900. 


I. (1) What chemical change takes place when chalk or 
limestone is ‘‘ burnt" ? 


(2) Mention two respects in which the substance left 
behind differs from the chalk or limestone. 


(8) Explain the method of calculating the quantity of 
this substance which can be obtained from any given quantity 
of chalk. 


II, (1) Make a sketch, occupying one sheet of your answer 
paper, of the apparatus you have seen used to prepare nitric 
acid, ) 


